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ABSTRACT 

THE ECONOMICS OF ANAEROBIC DIGESTER TECHNOLOGY FOR ONTARIO FARMERS 

Robert Charles Anderson       Advisor: 

University of Guelph, 2012        Alfons Weersink 

Anaerobic digester (AD) technology is a form of renewable energy that’s economic feasibility 

assessment is required site by site. This thesis presents a freely available workbook to determine the 

financial feasibility of a farm-based AD and to demonstrate its use for the Ontario livestock sector. To 

assess the profitability of ADs for farmers in Ontario with uncertainty included the theory of real options 

is used. Investment in an AD is financially feasible only for the largest dairy farms in Ontario under 

current electricity prices, which are approximately six times greater than the wholesale price. Shifting to a 

duel fuel continuous system would improve returns, as would the availability of additional substrate 

material in the form of solid grease waste. The real options approach shows that even higher net returns 

are necessary, than indicated by more traditional approaches, in order for AD investments to be feasible 

for Ontario livestock farmers. 
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CHAPTER 1: AN INTRODUCTION 
 

1.0 Background 

The government of Ontario has implemented several renewable energy initiatives since the 
passing of the Green Energy and Green Economy Act in 2009. The Ontario Energy Board 
(OEB) (2012) has stated that since the Green Energy and Green Economy Act came into place 
the OEB have decided to encourage conservation, the promotion of renewable energy 
generation and technological innovation through the smart grid. One step the OEB (2012) has 
already taken to promote renewable energy generation is the amendment of the Distribution 
System Code in an attempt to accelerate the process of connecting renewable energy 
generators to the electricity grid. The Ministry of the Environment (MOE) (2012) is encouraging 
renewable energy through the use of its Renewable Energy Approvals regulation, which is 
intended to speed up the approval process for renewable energy developers. The Ontario 
Ministry of Agriculture Food and Rural Affairs (OMAFRA) have provided 11.2 million dollars to 
help build renewable projects throughout Ontario through its Biogas Systems Financial 
Assistance Program, which ran from September 2008 to March 2010. The majority of the money 
from this program provided 27 farms 40% of the capital cost of their investments, with a cap of 
$400,000 in anaerobic digester (AD) technology. The Ontario Power Agency (OPA) is also 
making renewable energy developments more economical through its Feed-in-Tariff (FIT) and 
micro Feed-in-Tariff programs.  

The FIT program is intended for renewable energy projects greater than 10 kW and the 
MFIT program is intended for renewable energy projects less than or equal to 10 kW. Both 
programs are provided by the OPA and are subsidy programs. They allow individuals who are 
planning on investing in renewable energy in Ontario to sign a contract with the OPA which 
guarantees them a certain rate per kilowatt hour for providing renewable energy to the Ontario 
power grid, for the duration of their contract. This rate can change depending on a number of 
variables including the type of renewable energy, the amount of energy produced and who is 
investing in it. A typical FIT contract usually lasts twenty years. The FIT rates can go even 
higher if the project qualifies for either the community or aboriginal adders. For a project to 
qualify for a community adder (OPA, 2011) at least 10% of the investment must be coming from 
either an Ontario resident, an Ontario-based registered charity, an Ontario-based not for profit 
organization, or a co-operative owned by residents of Ontario. The percentage of the investment 
by these groups multiplied by two determines the percentage of the maximum adders added, 
which is currently $0.004/kWh, to the price received.  

The escalation percentage shows the rate at which the FIT rates increase relative to any 
positive change in the consumer price index once the renewable energy generator is 
operational. Between when the renewable energy generator has been approved and when it is 
operational, the price will increase at the same rate as the change in the consumer price index. 
If the consumer price index decreases or does not change, either before the renewable 
generator is operational or after and it has been accepted into the program, the FIT rates will not 
decline. The FIT rates of all renewable energy projects their community price adders and 
escalation percentages can be found in Table 1.1. 

In the FIT program, renewable energy sources that can control when the majority of the 
energy is produced, such as biomass, biogas, waterpower, and landfill gas, have the 
opportunity to receive a significant bonus to their FIT prices if they choose to produce their 
energy mostly during on-peak hours. On-peak hours are the hours during the work week in 
which demand for electricity is most likely to reach its peak. These hours are between 11:00 AM 
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and 7:00 PM on business days. To encourage these renewable energy sources to produce 
electricity mainly during on-peak hours, the OPA offers a 35% bonus to the FIT rates for the 
electricity that is produced by these sources during on-peak hours and a 10% deduction to the 
FIT rates for the electricity that is produced by these sources during off-peak hours. If the 
renewable energy source is not one that can control when its electricity is generated, such as 
solar PV and Wind, then they get no bonus or deduction for when they produce their electricity.  

According to the Ontario Ministry of the Environment (MOE 2012) the FIT program has 
encouraged over $16 billion in private investments into renewable energy in Ontario. Table 1.2 
presents the estimated amount of total investment in Biogas, Solar PV and Wind. Since no data 
on hydroelectric, biomass and landfill bio-energy investments in Ontario could be found, it has 
been estimated by subtracting the calculated total investments for each energy source found 
above by the total provided by the MOE. This gives a total investment of $1.515 billion for 
hydroelectric, biomass and landfill bio-energy. These numbers show that since the FIT program 
has come into existence in 2009, Ontario has made significant investments into renewable 
energy. 

In the summer of 2010, the OPA attempted to decrease the FIT for pending projects and 
future projects of ground mounted rooftop photovoltaic (PV) solar panels from 80.2 cents per 
kWh to 58.8 cents per kWh. The OPA wanted this reduction because they discovered people 
were placing their solar panels that were meant for the roofs on the ground which allowed them 
to invest in more than just the amount that would fit on their rooftops. This unexpected demand 
meant that the FIT program was costing the government much more than they had expected to 
spend and feared the program would not be affordable in the long term. For those who were in 
the process of getting their FIT contracts for rooftop solar panels and had already invested in 
them, this meant they would no longer be getting the expected returns that they had been 
promised. This created some controversy and illustrates one of the important reasons for 
knowing the economics of the renewable energy investments including ADs. 

ADs use anaerobic bacteria to breakdown organic material in the absence of oxygen, with 
the main purpose of producing biogas. Biogas is approximately 60% methane and 30-40% 
carbon dioxide (Leggett et al., 2006). Figure 1.1 illustrates a potential AD operation on a typical 
Ontario farm. In this diagram manure from a confined feeding operation is first sent into a 
storage facility before moving into the two AD tanks. The AD tanks produce two outputs: biogas 
and digestate. Biogas is treated by removing excess moisture and hydrogen sulfide and then 
either sent to a cogenerator where it is used to produce heat, which is used on the facility, and 
electricity, which is sold to the electrical grid, or it is sent to a third treatment phase where the 
removal of carbon dioxide takes place. If the carbon dioxide removal takes place, the biogas, or 
what can now be called bio-methane, is able to be sold to the natural gas grid. The digestate 
that is produced is sent to liquid/solid separator which produces compost or nutrient-rich value-
added products.  

According to Duke (personal communication, July 20th 2011), who is a program analyst for 
biogas systems at OMAFRA, in Ontario there are currently eight ADs that are operational and 
twenty that are in the process of becoming operational. Two of these ADs are located in Central 
Ontario, sixteen are located in Eastern Ontario, none are located in Northern Ontario, six are 
located in Southern Ontario and five are located in Western Ontario. Hilborn and House (2010) 
explain that dairy manure is a well-suited input for ADs. This could mean that the distribution of 
digesters could be partially explained by the distribution dairy cows in Ontario. By taking the 
correlation between these two a value of 55% is given, indicating that a correlation is likely 
present but not complete. 
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Investment costs for an AD vary considerably depending on the electrical capacity of the 
system, the efficiency, whether it is intended to run mainly during on-peak hours or not, and the 
location. With a larger electrical capacity, the AD will have greater total cost but typically a lower 
cost per kW. Higher efficiency likely means more expansive engine and/or a second digester 
tank for the AD. According to Hilborn (personal communication March 16th, 2011), a byproducts 
and green energy engineer at OMAFRA, if an AD is intended to run mainly during on-peak 
hours then a larger engine and additional biogas storage will be required in order to produce the 
same amount of kWhs as an AD meant to run continuously. This means a system mainly run 
during on-peak hours is significantly more expensive in total and per kW of capacity then a 
system not run mainly during on-peak hours. The location of the AD will affect the cost of 
connecting to the electrical or natural gas grids. Some areas will already have the proper 
infrastructure needed to handle the additional load produced by the AD either for the electrical 
grid or the natural gas and some will not. The cost to make a safe connection will greatly 
depend on how much work is needed to make it happen. Other investment costs to consider 
include the mixing/holding tank for the raw material, piping, and fluid handling equipment. 

The variable costs can vary just as much as the investment costs as many of the variable 
costs are either directly or indirectly dependent on the initial cost of the AD. Variable costs that 
should be considered include the cost of importing power to the AD, labour costs, corrective 
maintenance costs, cost of moving input material to the digester, insurance costs, costs for the 
maintenance of pumps, cost of producing silage, additional cost to spread nutrients, and the 
costs of oils and fluids. 

Hilborn (personal communication March 16th, 2011) explains that AD have seven potential 
sources of economic value for Ontario farmers, which are the following: (1) electricity 
generation, (2) heat generation, (3) odour reduction, (4) pathogen reduction and manure 
enhancement, (5) greenhouse gas (GHG) emission reduction, (6) bio methane production and 
(7) tipping fees (payments received for taking organic waste from off farm locations). 

Electricity generation can be obtained by running the biogas produced from the AD 
through an electric generator. Electricity produced by ADs is currently being subsidized in 
Ontario by the OPA through the FIT program. With a FIT contract the OPA guarantees, located 
on a farm, a rate ranging between 0.132$/kWh and 0.269$/kWh for electricity produced by ADs 
that is sold to the grid. These prices assume the maximum price adder is given and includes the 
off peak 10% reduction for the lower range and on peak 30% bonus for the upper range. With 
no FIT contract the farmer could only hope to save between, 0.071$/kWh and 0.083$/kWh, 
based on historical retail electricity prices in Ontario for electricity consumption (Ontario Energy 
Board, 2011) A farmer can receive about double that if they have a FIT contract and sell their 
electricity produced by the AD to the grid.  

The economic value from heat generation can be obtained through the burning of the 
biogas alone or by capturing the heat given off when it is run through the electric generator. The 
use of the heat will vary from farm to farm and thus its potential economic value can vary 
greatly. Potential sources of value from the heat generated could include the heating of a 
greenhouse or the drying of crops.  

 According to Lekasi et al. (2002) animal manure gives a strong smell of putrefaction during 
the early stages of decomposition. Leggett et al. (2006) explain that this does not occur when 
the manure goes through the digestion process because the source of the odours, volatile 
acids, are converted by the methanogenic bacteria, found in the digester, into primarily methane 
and carbon dioxide which are odourless gasses. The benefit to a livestock farm from the 
reduced odour is the potential reduction in nuisance complaints and the improved relationships 
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with neighbours. According to Davis (2006), ADs are being seen as a way of reducing the 
amount of lawsuits against farmers in the US over odour created by dairy and livestock animals.  

Wang et al. (2011), who studied the effectiveness of using digested dairy manure as a plant 
nutrient supplement, show that anaerobic digestion can be an effective way to convert high 
strength dairy manure into profitable byproducts. Hilborn (personal communication March 16th, 
2011) explains that after the manure has gone through the digester the plant nutrient value 
stays roughly the same but the volume decrease by approximately 20%. This means that the 
byproducts can be sold as fertilizer to people off farm or used on the farm saving the farmer 
time when spreading nutrients on their own crops.  

Another benefit of using livestock waste in an AD is the reduction in pathogens that are 
found in manure. Poudel et al. (2010) found that fecal coliforms are significantly decreased by 
anaerobic digestion and that anaerobic digestion is a method for making the handling of bio 
wastes safer. 

Another environmental improvement associated with anaerobic digestion is the reduction in 
greenhouse gas (GHG) emissions from livestock farm. Kaparaju and Rintala (2011) evaluated 
the possible GHG emissions that could be avoided through adoption of AD on dairy, and hog 
farms in Finland. They found the total GHG emissions that could be offset were 177. 90 and 
125.60 tons of carbon dioxide equivalent annually for the studied dairy cow, and hog farms, 
respectively. They also found that the impact of AD technology on mitigating GHG emissions 
was mainly through replaced fossil fuel consumption followed by reduced emissions due to 
reduced fertilizer use and production, and from manure management. Currently there is no way 
for farmers to receive any direct payment for reducing GHG emissions in Ontario. However if 
the economic value from the reduction in greenhouse gases in Ontario is somehow given to 
farmers, this could be a significant source of economic value created for farmers by ADs.  

Biogas could also be produced from ADs rather than electricity and heat. According to 
Nizami and Murphy (2010) biogas produced by ADs can be scrubbed to create bio-methane 
which can be used as a transport fuel or injected into the natural gas grid. As there is very 
limited transportation in Ontario that currently runs on natural gas, the economic value potential 
for bio-methane in this province is likely from the sales to the natural gas grid or through the 
cost savings from offsetting natural gas purchases for farm use.    

Tipping fees have potential economic value because they are direct payments to farmers, 
typically on a per ton basis, for taking off farm organic waste from sources such as restaurants 
or meat processing plants and treating them with the AD. In Ontario a farm can only use a 
maximum of 25% off farm material as an input for an AD due to the Nutrient Management Act. A 
common way to determine the economic feasibility of any investment project is the use of a 
capital budget model, which uses detailed input values of an investment, related to investment 
and variable costs and expected revenues to calculate a cash flow over a specified period of 
time. This cash flow is then used to calculate outputs such as net present value (NPV) and 
internal rate of return (IRR), which indicate the financial feasibility of the investment.  

A useful tool to do this technique is an Excel Workbook as it is a common, user friendly, 
and gives the user the ability to create or use reliable built in functions that make constructing 
these models fast and easy to adjust. A summary of studies using capital budget models to 
measure the financial feasibility of ADs are listed in Table 1.3.  

Mallon and Weersink (2007) use a capital budget model which includes inputs and outputs 
for an operational AD to evaluate the financial feasibility of AD’s for Ontario’s livestock 
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industries. They use data from OMAFRA to estimate AD inputs, outputs, costs and revenues for 
four sized farm base anaerobic digestion investments. They construct a base scenario which is 
compared to three alternative scenarios that vary in electricity output and input material. They 
also conduct a break-even analysis on electricity prices and a sensitivity analysis. Their outputs 
include payback period, return on investment, NPV, and IRR. They found that AD systems 
smaller than 300 kW are not financially feasible under their chosen base model assumptions 
and that the efficiency of an AD system had the highest sensitivity on investment feasibility. 
They also found that the investment feasibility improved by including off-farm organic material.  

Bishop and Shumway (2009) use a capital budget model with inputs and outputs for an 
operational AD located on a dairy farm in Washington State. They use two years of physical and 
financial data from the operational AD, and construct a base scenario which is compared to 
alternative scenarios that vary in life span of the AD, private investment costs, the amount of 
input material available, tipping fee rates, revenue from byproducts, grants available, power 
generation, discount rates and carbon credit sales. Their outputs include NPV, IRR and 
adjusted internal rate of return (AIRR). Their key findings show that that tipping fees and 
electricity sales are important revenue sources and that the geographic location of an AD is 
important due to the varying potential of coproduct markets in different locations.  

Lazarus and Rudstrom (2007) use a capital budget model using inputs and outputs for an 
operational AD located on a dairy farm in Minnesota. They use economic data monitored from 
over five years of the AD’s operation and project the remainder for a total of a ten year project 
lifespan. They compare the demonstrated AD with alternative scenarios that vary in operation 
and maintenance costs, loan amounts and state and utility incentives. They found that the 
current selling price of electricity in Minnesota is not high enough for ADs to be financially 
feasible in most cases if there are not significant subsidies or large non-energy market benefits.  

White et al. (2011) use a capital budget model containing inputs and outputs for ADs 
located on small cattle farms in the province of Ontario. Data was gathered to represent dairy 
and beef farms across Ontario. They compared different farm size groups as opposed to 
different farm scenarios. A sensitivity analysis was also conducted to determine the effect of 
variability of certain factors in the analysis. They found that under the Ontario FIT program, an 
AD is financially feasible on dairy farms with animals in the range of 33-77 and beef farms with 
animals in the range of 78-122.  

Gebrezgabher et al. (2011) use a capital budget that has inputs and outputs and uses a 
stochastic approach to account for uncertainty in key input values. The key inputs altered in 
their stochastic approach include investment costs, biogas yield, conversion efficiency and price 
of co-substrates, within certain ranges. The data for this study came from 23 biogas plants 
operating in the Netherlands, literature review and expert opinion. This study’s key findings 
include that the probability of a negative NPV is less than 50% for the models that they used 
and biogas yield and investment costs have significant effect in determining the NPV values.  

Stokes et al. (2008) also use a stochastic capital budget model to measure the volatility of 
the after tax net cash flow. This volatility measurement is then used to conduct a real options 
analysis which determines the option values of an investment. Option values, according to Dixit 
and Pindyck (1994), are the values of the opportunities available to an investor and generally 
are ignored by capital budget models and the stochastic approach since they assume these 
opportunities do not exist. The option value they attempt to estimate is the value of the 
opportunity to invest at a later date. Stokes et al. (2008) apply this real option analysis to an 
empirical application using data from two farms located in Pennsylvania. The results suggest 
that the option to delay investment has a significant positive value, which indicates, under their 
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assumptions, that significant grant founding is required for an investment in an AD to occur 
today. 

The purpose of this thesis is to make Ontario livestock farmers better informed to the 
investment decision of an AD. To accomplish this, a workbook to determine the financial 
feasibility of a farm-based AD will be developed, presented, and demonstrated through a case 
study conducted on Ontario livestock farmers. This thesis will also achieve this goal by 
assessing the profitability of ADs for farmers in Ontario under different government policies, and 
investment certainty using the theory of Real Options. 

1.1 Research Problem 

The multiple potential sources of economic value ADs have along with Ontario’s FIT program is 
making OMAFRA, Ontario farmers, agricultural financers and the Ontario Power Authority very 
interested in knowing about the economics of ADs. However, the current economic information 
on AD technology within Ontario’s agricultural industry is limited and therefore it is not known if 
the investment in an AD, to generate electricity, is economically feasible for many farmers. The 
majority of Ontario farms currently with digesters received financial aid to offset the investment 
cost in addition to the revenue enhancement through the FIT. Future investors may like to know 
if the technology is feasible without the offset of investment costs and under what conditions. 
Given the uncertainty in commodity prices, technological developments and government policy, 
uncertainty should also be considered. To provide the various stakeholders with the information 
on the economic feasibility of ADs, the following important questions need to be answered: 

1. What type and size of Ontario livestock farm is AD technology financially feasible under 
current FIT rates?; 

2. How do the technical elements of the system influence the financial feasibility of an AD?; 
3. which variables have the most influence over its economic value?; and 
4. How large an impact does uncertainty and risk have on the economic feasibility of ADs? 

 
The answers to these questions will allow Ontario farmers to decide if AD is an 

economically feasible investment and provide agricultural financers with the information they 
need to determine if and when they should finance AD. This information will also help the 
Ontario Power Authority to determine if Ontario’s feed in tariff program is meeting their 
expectations.  

 
The literature mentioned above show that there have been mixed results on the financial 

feasibility of ADs that could be due to the site of the analysis since results vary with geographic 
location (Bishop and Shumway, 2009) or the type of AD system, which are customized to the 
individual situation. This indicates that the economic feasibility of AD for Ontario farmers is 
currently not well understood. This information can only be provided if a decision-making tool 
that can be adapted for each location and system to aid in the assessment of site specific 
investments. If this tool were available, then Ontario farmers will be able to determine if ADs are 
the best investment available for them given their specific circumstance and how to optimize the 
returns of this investment under uncertainty. This information will also help agricultural financers 
to determine under what circumstances they should and shouldn’t finance ADs. The Ontario 
Power Authority will be able to determine if Ontario’s feed in tariff program is providing high 
enough prices for ADs to meet their expected goals.  
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 1.2 Purpose 

The purpose of this study is to assess the profitability of ADs for livestock farmers in Ontario 
under different scenarios for farm type, farm size, system operation practices, system 
specifications, government policies, and investment certainty. The farm sizes range differently 
depending on farm type. Farm types include dairy, broilers, beef, and hog. The different system 
operation practices include five different scenarios, discussion and details to these systems can 
be found in Chapter 2. System specifications include different engine-electrical efficiencies and, 
in the case of peak systems, the inclusion of methane storage. Government policies include 
different feed in tariff pricings and investment grants. For investment certainty both investment 
with certainty and investment with uncertainty are included. 

The four specific objectives of this study are as follows: 

1) Develop a capital budget for an AD by constructing an excel workbook to 
calculate the adjusted net present value of a project; 

2) Determine the sizes of alternative farms for which an AD is economically 
feasible; 

3) Calculate the break-even prices for an AD for alternative input parameters, 
and; 

4) Estimate the effect of investing under uncertainty on the profitability of an AD, 
by conducting a real options analysis.  

  
 1.3 Chapter Outline 
 
Chapter two will present the capital budget model that has been developed in an excel 
workbook to estimate the economic feasibility of ADs on Ontario farms. The description will 
explain how the workbook provides estimations on vital biogas plant parameters, such as 
biogas yield, digester volume, capital cost, annual income, annual costs, etc and calculates the 
adjusted net present value, payback period, adjusted internal rate of return, average return on 
equity, average yearly net income and average return on investment.  
 

Chapter 3 will discuss the scenario and breakeven analysis that has been conducted. The 
scenario analysis is conducted by changing different parameters in a model to simulate certain 
scenarios and measure how these scenarios impact the economic feasibility. The analysis 
systematically changes parameters to determine the effects of such changes on the economic 
feasibility of the project. The percentage change in adjusted net present value caused by the 
changes in a parameter indicates the sensitivity of that parameter on the economic feasibility. 
By comparing the percent changes in adjusted net present value caused by each parameter in 
the model the parameters with largest impact on the economic feasibility of AD on Ontario farms 
can be identified. 

 
Chapter 4 conducts a real options analysis, which applies option valuation techniques to 

capital budgeting decisions. A real option is the right to undertake some business decision such 
as, delay, abandon, expand, or contract a capital investment. This analysis determines the 
values of options within a hypothetical anaerobic digestion system investment in Ontario. 
Finally, conclusions, recommendations and implications of this thesis are discussed in Chapter 
5. 
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1.4 Tables and Figures  

Table 1.1, Feed-in-Tariff Prices for renewable energy projects 

Date: August 13th 2010 

Renewable Fuel Size Ranges Contract Price 
$/kWh 

Max. Community 
Price Adder $/kWh 

Escalation 
Percentage 

Biogas (On-
Farm) 

≤ 100 kW 0.195 0.004 20% 

Biogas (On-
Farm) 

> 100 kW ≤ 250 
kW 

0.185 0.004 20% 

Biogas ≤ 500 kW 0.160 0.004 20% 

Biogas > 500 kW≤ 10 MW 0.147 0.004 20% 

Biogas > 10 MW 0.104 0.004 20% 

Biomass ≤ 10 MW 0.138 0.004 20% 

Biomass > 10 MW 0.130 0.004 20% 

Waterpower ≤10MW 0.131 0.006 20% 

Waterpower >10MW≤50MW 0.122 0.006 20% 

Landfill gas ≤ 10 MW 0.111 0.004 20% 

Landfill gas > 10 MW 0.103 0.004 20% 

Solar PV 
(Rooftop) 

≤ 10 kW 0.802 0.000 0% 

Solar PV 
(Rooftop) 

>10 kW ≤ 250 kW 0.713 0.000 0% 

Solar PV 
(Rooftop) 

> 250 kW ≤ 500 
kW 

0.635 0.000 0% 

Solar PV 
(Rooftop) 

> 500 kW 0.539 0.000 0% 

Solar PV 
(Ground) 
Mounted) 

≤ 10 MW 0.443 0.010 0% 

Wind (Onshore) Any size 0.135 0.010 20% 

Source: The Ontario Power Authority (2010) 
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Table 1.2, the estimated capital cost and total investment in capital for biogas, solar 
photovoltaic, and wind under the Feed- in-Tariff program 

Renewable Energy 
Source 

Estimated Capacity 
Under Construction 
or Operational 

Estimated Capital 
Cost per MW of 
Capacity 

Estimated Total 
Investment of Capital  
( in Millions) 

Biogas 23,000 kW $6,700 $154.10 

Solar PV 1,083 ,000 kW $10,000 $10,083 

Wind 2,124,000 kW $2,000 $ 4,248 

Sources: Gipe and Murphy (2005), Canadian Solar Solutions (2012), Ontario Ministry of 
Agriculture, Food, and Rural Affairs (2012), The Ontario Power Authority Bi-weekly FIT Report 
(April 1st 2011). 
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 Table 1.3, tabular literature review

Author(s) Journal Title/Source Type of Model Dependent 
Variable 

Explanatory Variables Sample Type and 
Size 

Key Findings 

Mallon and 
Weersink (2007) 

Department of Food, 
Agricultural and 
Resource Economics 
University of 
Guelph: Working 
Paper 

Capital Budget Net Present 
Value Payback 
Period, Return 
on Investment, 
Internal Rate 
of Return 

Electricity output, Input 
material and Electricity 
Prices 

Ontario Ministry 
of Food, 
Agriculture and 
Rural Affairs 

AD < 300 kW 
are not 
feasible, 
efficiency of 
an AD system 
had the highest 
sensitivity 

Bishop, and 
Shumway. 2009. 

Applied Economic 
Perspectives and 
Policy 

Capital Budget Net Present 
Value 

Electricity, tipping fees, 
digested fiber, carbon 
trading, heat, and 
fertilizer-grade substrate. 

Two years of 
physical and 
financial data from 
an operational 
digester in 
Washington state. 

Tipping fees 
and electricity 
are key 
revenue 
sources for 
AD. 

Lazarus, and 
Rudstrom. 2007. 

Applied Economic 
Perspectives and 
Policy 

Capital Budget Net Present 
Value 

Capital investment, 
energy production 
performance and 
operating costs, 
electricity pricing 

Data from five 
years of 
observations 
combined with 
projections. 

Price of 
electricity is 
too low to 
justify AD in 
most cases. 

White et al. 
2011. 

Journal of 
Renewable Energy 

Capital Budget Payback 
Period, Return 
on Investment 

Operational cost, 
Activated carbon cost, 
Capital cost, Gross 
electrical revenue, 
Additional AD benefits. 

Previous 
Literature 

Small dairy 
farms with 
animals can be 
profitable. 

 Gebrezgabher 
et al. 2011. 

Wageningen 
University and 
Research Center: 
Working Paper 

Stochastic 
Simulation 

Net Present 
Value 

Investment costs, biogas 
yield, conversion 
efficiency and prices of 
co-substrates 

23 operating 
biogas plants in 
Netherlands. 

Probability of 
a negative 
NPV is less 
than 50% 
 

Stokes, et al. 
2008. 

Review of 
Agricultural 
Economics 

Capital Budget 
and Real 
Options 

Net Present 
Value 

Interest rate, Operating 
Capacity, Farm Energy 
Use, Grants, Inflation  

Two Dairy Farm 
in Pennsylvania 

Grants are 
needed   
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CHAPTER 2: DESCRIPTION OF THE AGRICULTURAL ANAEROBIC DIGESTION 
CALCULATION WORKBOOK1 

 
2.0 Introduction 

A workbook can be a very useful tool to calculate the profitability of an anaerobic digester for 
Ontario farmers. Anaerobic digesters have several sources of revenue and costs are quite 
expensive to build (up to millions of dollars). The complexity and scale of these investments 
means that using a workbook as a tool can help ensure that the entire scope of the investment 
is considered and the necessary calculations are made correctly. A workbook also allows the 
user to change input variables so that the profitability of an investment is estimated specifically 
to the user’s circumstances. 

The purpose of this report is to describe a workbook developed to determine if an 
investment in an anaerobic digester is financially feasible under specific circumstances. This 
report will also explain how the workbook calculates expected yearly cash flows for an 
anaerobic digester under specific circumstances and how these cash flows are used to 
determine if the investment is financially feasible or not. The remainder of this chapter will 
include an overview of the workbook, and then a section explaining each spreadsheet located 
within the workbook. 

2.1 Overview 

The workbook developed estimates the amount of potential electrical generation capacity based 
on the amount inputs available to an AD. The capacity of the AD determines operating and 
capital costs along with the revenues. In order to estimate net returns to the investment in an 
AD, input on financial and technical parameters are required and calculations on the financial 
and technical outputs must be made. The remaining subsections will describe the workbooks 
built in AD system types and an overview of its components.  

The required data and the flow of this information within the workbook that results in the final 
feasibility assessment are illustrated in Figure 2.1. The four solid line rectangles represent the 
spreadsheets requiring information from the user. Baseline values are provided within the 
workbook for the user but the user is encouraged to at least provide case specific data for some 
parameters (i.e. livestock type and numbers). The dotted line rectangles indicate the information 
transferred from these input spreadsheets to the round edged calculation sheets, and the 
information transferred from the round edged calculation sheets back to the basic user input 
spreadsheet. The calculation spreadsheets estimate the financial and technical outputs using 
relationships embedded within the spreadsheets. Each of the seven spreadsheets is discussed 
more fully below.  

The first spreadsheet entitled “Basic User Inputs” requires input from the user on the data 
specific to the individual considering the purchase of a digester. Data are required on the 
material feeding the digester, basic technical and financial digester specifications, pricing 
adjustments and a summary of biological and economic output measures. For most users this is 

                                                           
1 A version of Chapter 2 has been made into a standalone report for the workbook. 

Robert Anderson, Don Hilborn, and Alfons Weersink. 2012. Description of Agricultural Anaerobic 

Digestion Caclulation Workbook. http://bioeconproject.com/wp-

content/uploads/downloads/2012/03/Draft-Workbook-Manual.pdf (accessed 08.05.12)   
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the only spreadsheet that they will need to complete. See Figure 2.2 for a screenshot of this 
spreadsheet. 

 The second spreadsheet “Substrate Information” is where the user enters technical 
information related to the AD’s substrates, or accepts the default values. As with the “Basic User 
Input” spreadsheet the data inputted is fed to the calculation spreadsheets. The inputted data 
which determines the methane output in this spreadsheet will not likely change for most users. 
Parameter changes are possible for users with biological knowledge and experience in technical 
variations within the system. An example of this is found in Figure 2.3 

The third spreadsheet called “Advanced User Inputs” is where users with expert knowledge 
in ADs can input data on technical and financial elements of the system. The spreadsheet is 
illustrated in Figure 2.5 using the default values. These values include technical and operation 
variables such as maximum allowable volatile solids per day in the digester or the expected 
capacity factor of the system during the first year of operation. Advanced expected costs and 
revenue variables also are found in this spreadsheet, which includes corrective costs, costs for 
repairs, costs of moving input material to the digester and corn silage related costs, for instance. 
Other categories include nutrient and material information, capital cost information, preventative 
maintenance costs including oils and fluids, and the electricity prices received for selling 
electricity to the grid.   

The fourth spreadsheet “The Loan Amortization Schedule” is where the user can enter in 
their financing information, if they wish to see how financing their investment will affect the 
economic feasibility of their project. The user enters in the size of loan, either based on a 
percentage of their base capital cost of their project or as a specified amount. The user will also 
need to enter in the loan’s interest rate, loan period and optional extra payments. This 
information is used to calculate the total yearly interest and principal payments that will be 
needed to pay off the loan for their project.  

 The fifth spreadsheet “Single Year AD.Calcs.” does all of the calculations which are needed 
for a single year model of an AD project. These calculations include estimating capital and 
annual cost, annual revenue, engine and digester sizes, and the initial FIT rate for each of the 
five system types. These calculations are all dependent on the information inputted in the four 
previous input spreadsheets.  

The sixth spreadsheet, “Multi Year AD.Calcs.” is used with “Single Year AD. Calc.” 
spreadsheet to create a multiyear model, up to thirty years, for an AD project, The calculations 
on this spreadsheet estimate annual costs and revenues for all five systems for thirty years. 
Annual costs that are not included in the previous calculation spreadsheet include major repairs 
and preventative and maintenance costs. The annual revenues are the same as the previous 
spreadsheet except returns from electricity will change depending on the state of the engine due 
to wear and repairs, and the change in the FIT rate from the estimated price escalation which is 
dependent on the change in the consumer price index (CPI). The calculations in this 
spreadsheet are dependent on either the user inputs or the default values from the first three 
spreadsheets and the calculations from the previous spreadsheet.   

The final spreadsheet, titled “Multi Year Financial Calcs.” calculates seven different 
economic feasibility measures. As mentioned before these include; net present value, adjusted 
net present value, adjusted internal rate of return, payback period, average return on 
investment, average return on equity and average yearly net income. These economic 
measures are calculated based on the information entered by the user in the four input sheets 
or their default values and the calculations from the previous two calculation spreadsheets. 
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2.2 Basic User Inputs 

The first spreadsheet of the agricultural anaerobic digestion calculation workbook entitled “Basic 
User Inputs” is where the user enters in information that is specific to their situation and where 
the economic, system and biological information are outputted. Material information is the first 
category of information needed from the user. This information could include hectors of corn 
silage available, number of dairy cows, number of finishing hogs, number of beef feeders 
(liquid/solid manure), number of broilers available, the amount of vegetative off-farm materials 
(liquid or solid) and the amount of grease off-farm materials available (liquid or solid).The user 
may also enter in the dry matter percentage of each material under this category although 
default values are provided. 
 

The next category is financial information, which requires the user to enter in the capital 
incentive available, the value from heat utilization available, the cumulative capital cost 
allowance (CCA) rate, income tax rate, other exceptional costs such as cost of connecting to the 
grid, the salvage value based on a percentage of total investment, property tax rate, expected 
cost of labour per hour and hours of labour needed per day, expected discount rate, the 
expected rate of inflation and finally the cost of diesel fuel per liter. 

   
The third and fourth categories for the information that the user must enter in are the Feed-

in Tariff (FIT) information and the system information. The FIT information requires the user to 
enter in ‘Yes’ or ‘No’ whether the AD system is a regulated mixed system and if the community 
price adder is included. The system information needed from the user includes the average 
retention time of the system in days and the projects’ expected life span in years.   

 
The final category is the adjustment information, where the user may enter in adjustments to 

the workbook’s calculations. For example, if the user wishes to increase the capital cost which 
the workbook is estimating by ten percent, they may change the default value of the adjuster for 
capital cost of AD from 100% to 110%. This allows the user to be able to adjust the workbooks 
key economic outputs without having to adjust complicated input variables or formulas. Some of 
the other adjusters include; an adjuster for FIT prices, an adjuster for single fuel electrical 
engine efficiency, an adjuster for dual fuel electrical engine efficiency, an adjuster for the capital 
cost of the bio-methane system, an adjuster for bio-methane price and an adjuster for bio-
methane operating costs. Table 2.1 provides a full list of all inputs found on this spreadsheet 
al.ong with their locations and potential sources and suggested values. 

 
An example of how a user, who owns a dairy farm with 150 cows plus replacements and 

has access to 2000 cubic meters of liquid grease from off farm, could fill in this spreadsheet is 
illustrated in Figure 2.2. The green highlighted cells indicate which cells the user can enter in 
their own values and the yellow highlighted cells show suggested values for the user. All other 
cells display output information and cannot be altered by the user. 

 
This spreadsheet al.so shows all of the outputted estimates that help determine if the project 

is feasible or not so that if the user wishes they can easily measure the effect of altering certain 
inputted variables on the estimated outputs without having to leave the spreadsheet.  

The outputs which are displayed on this sheet for each of the five different systems 
mentioned above have three different categories: economic information, material information 
and biological information. The economic information provides the user with the adjusted net 
present value, payback period with financing, adjusted internal rate of return, average return on 
equity, average yearly net income and average return on investment calculated for each 
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system. The material information displays the output produced by each input category. For 
example, under the dairy manure category this displays the amount of manure produced per 
year in cubic meters based on the amount of dairy cows available. The biological information 
outputs display the size of digester required in cubic meters, the volatile solids available per day 
in kilograms per cubic meter and the total methane yield in cubic meters per year. An illustration 
of outputted information using the inputs from the previous example is illustrated in Figure 2.4. 

Finally the Executive Calculations spreadsheet contains graphs showing the estimated 
yearly net income and cumulative net income for each system. This provides the user with a 
visual indication of the workbook’s estimates of net yearly income for each type of system. 

2.3 Substrate Information Inputs 

The third spreadsheet, entitled “Substrate Information”, is where the user may enter in biological 
information about the inputs being used in the digester. This sheet is very important because 
different types of material can have very different levels of methane production efficiency. The 
information that can be entered in for animals includes the manure production per animal or, for 
corn silage, the tons of corn silage per hector. Other information which applies to all substrate 
inputs includes the density of material (kg/m3), volatile solids of material (%), biogas yield of 
volatile solids (m3/ton) and the methane content of the biogas (%).This sheet includes default 
values for all of the substrate inputs. An example of what this spreadsheet looks like with its 
default values in place can be found in Figure 2.3. Again the green highlighted cells indicate 
which cells can be altered by the user and the yellow cells indicate the variables’ suggested 
values. It should be noted that this is only one method of estimating potential methane 
production and that there are other parameters, such as protein levels, that could be used to 
obtain methane yields. This method was chosen because a good base knowledge currently 
exists for it. Other ways could be explored to improve accuracy of predictions.  

2.4.  Advanced User Inputs 
 
The fourth spreadsheet, entitled “Advanced User Inputs”, is where the user can enter or keep 
the default values for the workbook’s more complicated variables. For example, the expected 
cost per ton for moving off farm material to the digester is located on this sheet. There are over 
forty input variables in this spreadsheet. Tables 2.2 through 2.6 provide a list of all the 
spreadsheets default values and the sources used in determining them. Table 2.2 provides a list 
of the technical and operation input variables, Table 2.3 shows the expected cost and revenue 
variables, Table 2.4 gives all of the FIT value variables, and Table 2.5 gives all the digestate 
nutrient and material information variables. Table 2.6 shows all the variables that are used for 
linear interpolation which will be discussed in more detail in the next section.   

2.5. Loan Amortization Schedule Inputs 
 

The second sheet in the workbook is entitled the “Loan Amortization Schedule”. This sheet 
is a slightly modified Microsoft Excel template which Microsoft Excel provides for calculating a 
loan amortization schedule. The template provided by Microsoft Excel allows the user to enter in 
the loan amount, the annual interest rate, the loan period, the number of payments per year, the 
starting date of the loan and optional extra payments. With this information, the template 
calculates the payment dates, the beginning balance, the scheduled payment, the extra 
payment, the total payment, the principle, the interest, the ending balance and the cumulative 
interest for each payment period. 
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There have been four modifications made to this Microsoft Excel template. The first 
modification is that a cell has been added, titled “% of Base Capital Cost Financed”, so that the 
user can enter in a percentage of the base capital cost which will be financed. The second 
modification is that the loan amount cell has been changed to calculate the loan amount by 
multiplying the percentage of the base capital cost entered in the cell above by the base capital 
cost which is calculated by the workbook. The third modification is the adding of a macro button, 
titled “Press to Reset Loan Amount to % Based Setting”, which is intended to reset the 
calculation in the loan amount cell in case the user deletes the calculation by accident or wishes 
to enter in an actual loan amount instead of it being calculated by a percentage of the estimated 
base capital cost. The final modification is that the number of payments per year has been fixed 
to the value of one, since all calculations in this workbook are done on a yearly basis. An 
example of how this spreadsheet would look if a user were using the previous examples inputs 
and intends to finance 75% of their base capital cost is illustrated in Figure 2.6.  

2.6. Input Variable Priority  
 
Due to the rapid improvements of this technology and the fact that there is often a large 
variability from one site’s AD to another’s, it is impossible to fully determine the exact value of 
these input variables. Variables that have more significant effects on the economic outputs 
should receive higher priority in assuring accuracy 
 
2.7. Single Year AD Calcs. 
 
The fifth spreadsheet entitled “Single Year AD Calcs.” does all of the calculations which are 
needed for a single year model of an AD project. To estimate the capital cost of each of the five 
systems previously mentioned, two methods have been considered. Both calculate a base 
capital cost that is then modified for each system.  

The first method calculates the base capital cost by multiplying the base generator size by 
the estimated average capital cost per kilowatt (kW). An excel “if” logic function is used to set a 
minimum capital cost, which by default is $300,000, once the base capital cost is calculated to 
an amount above $300,000 it uses this calculated value. The base generator size is estimated 
by multiplying the electrical efficiency by the base methane available per hour and by the energy 
content of methane. 

 The average capital cost is estimated by taking the linear interpolation between five sets of 
two points. The formula used for each set of points is shown in the equation below. 

� � �� � �	 
 	�� � � ���������        (2.1) 

Where Y is the average cost per kW estimated, 	 is the kW capacity of the system, Y0 and 	� 

are the cost per kW and kW capacity given by the first point respectively and Y1 and 	� are the 
cost per kW and kW capacity given by the second point respectively. The order of the set of 
points is determined by the kW capacity, the points with the lower kW capacities go ahead of 
the points with the higher kW capacities.  

For example the default values, which is shown in Table 2.6, of one set of points is (40kW, 
9000$/kW) and (100kW, 8,000$/kW), therefore if the size of the system was 40kW, the average 
capital cost would be $9000/kW at 45 kW it would be $8,916.67 and at 100kW it would be 
8,000$/kW. Excel “if” logic functions are used to determine which set of points should be used 
for the linear interpolation. A list of all the points that are used in linear interpolation can be 
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found in Table 2.6. For systems that are below 40kW and above 1000kW, they receive constant 
values of 9,000$/kW and 5,500$/kW respectively.   

The second method is the one that is currently being used by the workbook. This method 
has a minimum capital cost of $250,000 with an addition $5,000 added per kW of capacity. 
These values can be changed in the Cost of AD section of the “Advanced User Inputs” 
spreadsheet. The difference in capital costs calculated by these two methods for a single fuel 
continuous system is shown in Table 2.7. As can be seen in this Table the difference in the 
values varies for the different sizes. The second method was chosen because it is much easier 
to explain and understand and obtains more realistic results for the very small systems which 
are more likely to be installed on farms.  

The calculation for Single Fuel Continuous Operation system’s capital cost only differs from 
the base system’s capital cost calculation by the value of the expected amount of methane 
available per hour used to calculate the kW capacity. The methane available per hour is 
estimated by taking the total amount of methane estimated to be produced divided by the 
amount of operational hours the system will have. For the base system, the amount of 
operational hours is 7500, the typical operation time of an AD that includes downtime for 
maintenance, while for the single fuel continuous operation system it is estimated by multiplying 
the expected capacity factor for continuous operation, which is found in the “Advanced User 
Input" spreadsheet, by the total number of hours in a year. For the dual fuel continuous 
operation system it also uses the methane available per hour calculated for the single fuel 
continuous operation system, however instead of multiplying this by the expected electrical 
efficiency and by the energy content of methane, it is divided by the methane usage per kW, 
given by the motor specs of a Schnell motor, model number 2505. Schnell is a German based 
company that is a market leader in producing dual fuel combined heat and power biogas plants. 

For the single and dual fuel peak operation systems, the capital cost is calculated by first 
taking the difference between the peak systems and continuous systems electricity generation 
capacity and multiplying this by the expected total cost of increasing capacity for peak systems, 
which is entered in the “Advanced User Inputs” spreadsheet. The electrical generation capacity 
for the peak systems is estimated by multiplying the electrical generation capacity of their 
respective continuous operation systems by their annual amount of operational hours. This is 
then divided by the total amount of peak demand hours for electricity in a year, multiplied by the 
expected capacity factor for peak systems, plus the total amount of weekend hours in a year. 
Once the additional cost for each system is calculated, then it is added to the respective 
systems continuous operation capital cost to give the capital cost for the peak systems. 

Energy production is calculated using the inputs that are entered into the material 
information section of the “Executive Calculations” spreadsheet. These inputs are converted into 
an estimated amount of methane produced by multiplying them by their respective substrate 
information inputs that are located in the “Substrate Information” spreadsheet. For instance, the 
amount of dairy cows plus replacements is converted to the amount of potential methane 
produced by multiplying this value by the value of the manure production per dairy cow, then by 
the density of the manure (kg/m3), then by the percentage of volatiles solids (VS) in dairy 
manure, then by the biogas yield of the VS (m3/ton of VS), and finally by the percentage of 
methane in the biogas.  

Annual costs of the system are divided into six categories: silage costs, manure costs, off 
farm material costs, labour costs and digester and associated storages and systems costs. 
Silage costs are calculated by first converting the yield per hector to yield per acre. This is 
multiplied by the sum of the cost of silage per acre and cost of land for corn silage per acre. This 
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is divided by the yield in tons per acre to give a cost per ton. This is added to the cost of moving 
the silage to the digester per metric ton and then multiplied by the tons of silage available.  

The manure’s annual costs are calculated by multiplying the total amount of manure 
available in tons by the cost of moving the manure per ton to the digester. The annual costs of 
the off farm materials are calculated by multiplying the total amount of off farm material in tons 
by the cost of moving off farm material per ton to the digester. Annual labour costs are 
calculated by multiplying the expected average number of hours of labour per day by the 
number of days in a year by the cost of labour per hour. The expected average hours of labour 
per day are calculated in the same way as the average capital cost per kW values, only the X 
and Y axis values are taken from the Estimated Hours of Labour Needed section of the 
“Advanced User Inputs” spreadsheet. 

The annual digester and associated storages and system costs include energy costs, 
insurance costs, fuel costs (dual fuel systems only), and engine operating costs. Energy costs 
are calculated by multiplying the total amount of energy produced in each system (kW) by the 
percentage of electricity used to operate the plant and by the energy import cost per kW. Annual 
insurance costs are calculated by multiplying the insurance costs as a percentage of capital cost 
by the capital cost. The annual fuel costs are calculated by calculating the diesel usage per kW 
which is done by dividing the diesel usage in liters per hour and by the electrical output; both are 
given by the motor specs of the Schnell motor. 

The Schnell motor has a diesel based dual fuel engine. It mixes biogas in to the intake air 
and injects a small portion of diesel fuel to initiate the ignition in the combustion chamber. This 
is important because of biogas’s high CO2 level that creates a high antiknock rate. The diesel 
usage per kW is converted into diesel usage per hour by multiplying it by the electrical capacity 
of the system (kW). This is converted into diesel usage per year by multiplying it by the system’s 
number of hours of operation per year. The annual fuel cost is then calculated by multiplying the 
amount of diesel used per year by diesel’s cost per liter. The annual engine costs are calculated 
by multiplying the system’s respective electrical capacity (kW) by the preventative maintenance 
and oils and fluids costs per kW. The preventative maintenance and oils and fluids costs per kW 
is also calculated using linear interpolation similarly to the calculation of the average capital cost 
per kW value, only the sets of points are taken from the Preventative Maintenance Costs 
Including Oils and Fluids section of the “Advanced User Inputs” spreadsheet. 

Annual returns are divided into electrical, tipping fees, nutrient value added from silage, 
changes to manure and carbon credit sales. The annual electrical returns are calculated by first 
calculating the rate per kWh received. This is done like the average cost per kW and the 
preventative maintenance and oils and fluids costs per kW calculations except the sets of points 
are found in the FIT values section of the “Advanced User Inputs” spreadsheet. If the 
community adder is applicable, this value is also added. For the peak systems, the peak hour’s 
bonus is multiplied by the electricity produced during peak hours and the off peak deduction is 
multiplied by the electricity produced during off peak hours. The annual electricity yield is then 
calculated by multiplying the electrical capacity (kW) by the total hours of operation. The rate 
per kWh is then multiplied by the annual electricity yield (kWh) to get the annual returns from 
electricity generation. The tipping fee returns are calculated by multiplying the total amount of off 
farm material in tons by the price received per ton of off farm material. 

 The returns from the nutrient value added from silage are calculated by first finding its net 
value ($/ha). This is done by multiplying the cost of replacing nutrients in silage crops ($/acre) 
by one minus the percentage of lost nutrient value and by the acres to hector conversion. The 
annual net value is then multiplied by the total hectors of corn silage available per year. The 
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total cost of spreading (corn silage after digested) is then subtracted by the net value to give the 
net value of nutrients after spreading. The cost to spread is calculated by multiplying the total 
yield of corn silage (tons/year) by one minus the percentage of material lost during digestion, 
then by the additional cost to spread nutrients per ton. The annual returns from changes in 
manure is calculated by taking the percentage of dry matter lost from digestion multiplied by the 
annual amount of manure available, then by the additional costs to spreading nutrients per ton. 

Revenue from carbon credits is calculated in the workbook by using an “if” logic function that 
gives a value of zero if the cell that indicates if carbon credits are available, located in the basic 
user inputs spreadsheet is anything but “yes”, and the number of dairy cows available multiplied 
by the tons of CO2 Eq. reduced per dairy cow and the price per ton of CO2 Eq. reduction 
received. The values of the variables; tons of CO2 Eq. reduced per dairy cow and the price per 
ton of CO2 Eq. reduction received, are located in the advanced user inputs spreadsheet. The 
annual net income of the each of the five AD system types is calculated simply by subtracting 
their respective annual returns from their respective annual costs.   

2.8. Multi Year AD Calcs. 

The “Multi Year AD Calcs.” is used along with the “Single Year AD Calcs.” spreadsheet to 
create a multiyear model for an AD project. The calculations that are included in the “Single 
Year Calcs.”, except for those used to estimate capital cost are also found in the “Multi Year AD 
Calcs.” spreadsheet. For these calculations they are the same in the “Multi Year AD Calcs.” as 
the “Single year AD. Calcs.” except these calculations are made for thirty years, each year is 
represented by a column in the spreadsheet. For example calculations for year one are all 
located in column B, year 2 in column C and so forth.   

This spreadsheet al.so includes calculations which are not applicable in a single year model 
and are not found in the “Single Year Calcs.”, which include engine wear, engine repair costs, 
other major repair costs, and the index contract price adjustment to inflation.  

The cost to repair the engine is calculated by multiplying the size of the particular system 
calculated in the “Single Year Ad Calcs.” spreadsheet by the expected cost of major motor 
repair per kW of capacity, found in the “Advanced User Inputs” spreadsheet. To determine how 
often a cost for repairs of the engine occurs, a length of time, in hours, of operation before a 
major engine repair is needed and is entered in the “Advanced User Inputs” spreadsheet. This 
length of time is unchanged in the “Multi Year AD. Calcs.” spreadsheet, or column B, for each 
following year the amount of time the system is operational is subtracted from this amount. 
Once this value reaches zero or becomes negative the following year will reset through an “if” 
logic function that will add the initial length of time back to this value. The cost for repairs of the 
engine are triggered in the spreadsheet by using an Excel “if” logic function that calculates the 
cost of major repairs for the engine if the length of time before a major repair is needed is zero 
or negative and is set to zero otherwise. This same process is done for the cost of other major 
repairs except the length of time needed before repairs are needed is measured in years and 
the cost is based on a percentage of the initial capital cost. Since the peak hour’s system runs 
fewer hours per year, but has a larger electrical capacity, the cost of major engine repairs is 
more expensive but is triggered less frequently. An example of the workbook using these 
triggers can be found in Figure 2.7. 

To calculate the effect of engine wear, the expected efficiency of the engine is entered into 
the “Executive User” spreadsheet and the expected change in electrical efficiency due to wear 
is entered into the “Advanced User Inputs” spreadsheet. The calculation uses an Excel “if” logic 
function that is set to equal a simple linear equation shown below such that if the costs of major 
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repair is equal to zero and therefore has not been triggered, and equal to the original electrical 
efficiency if the cost of major repairs is positive. 

 Y=MX+ B          (2.2) 

Where Y is the current electrical efficiency, M is the total change in efficiency divided by the total 
number of hours before a major repair is needed; X is the current number of hours left before a 
major repair is needed and B is equal to the electrical efficiency minus its total wear. This 
function causes the expected efficiency of the engine to decrease by the total expected change 
in electrical efficiency by the time the major engine repair cost is triggered and then resets itself 
back to its original amount without going above it.  

The index contract price given for an AD means that the prices received on the project’s 
date of operation is equal to the original contract price times the percentage escalated times the 
percent change in the consumer price index (CPI), assuming this is positive. To account for the 
effect of the percent escalated an expected percent change in CPI is entered into the “Executive 
Users” spreadsheet. The expected percent change in CPI is multiplied by the percentage 
escalated value. One plus this value is multiplied by the price of the previous year, starting from 
year two. An Excel if logic function prevents this calculation from occurring if the percentage 
change in CPI is negative. An example of this with a price escalation rate of 20% and an 
inflation rate of 3.1% is illustrated in Figure 2.8.  

2.9.  Multi Year Financial Calcs 

The “Multi Year Financial Calcs.” spreadsheet calculates six different economic feasibility 
criteria for each of the five aforementioned project systems; adjusted net present value (ANPV), 
adjusted internal rate of return (AIRR), payback period (PBP), average return on equity (AROE), 
average return on investment (AROI), and average yearly net income (AYNI). The workbook 
calculates the ANPV by first calculating the unadjusted net present value (NPV) (or just net 
present value). The NPV is calculated by taking yearly net revenues calculated in the “Single 
Year AD Calc.s” and “Multi Year AD Calcs.” spreadsheets for the user specified number of 
years. It does this by using an Excel “if” logic function that sets itself to zero if the value in the 
corresponding time row is greater than the project’s lifespan, entered in the “Executive 
Calculations” spreadsheet. If the value in the corresponding time row is less than or equal to the 
projects life span then it sets itself to equal its corresponding annual net revenue value from the 
“Multi Year AD Calcs.” spreadsheet or the initial cost from the “Single Year AD Calcs.” 
spreadsheet depending which is appropriate. An example of this can be found in Figure 2.9.  

After the correct cash flow has been created, taxes are subtracted creating the after tax 
cash flow (ATCF). The ATCF is summed and discounted, using the discount rate, back to the 
present value to give the NPV. Mathematically this is expressed as follows:  

NPV=� ���������� � � � � ���������� – Initial Investment     (2.3) 

In the case of this work book, Rt is equal to the expected after tax cash flow (ATCF) of the 
project in a particular year, which is indicated by the value of t. t represents the number of years 
after initial period of investment, which the specific cash flow is taking place in. Dr is equal to the 
discount rate of the project, which represents the opportunity cost of the investment.  

The ATCFs in the spreadsheet are calculated by adding the expected annual returns after 
costs, subtracting income tax, adding the Capital Cost Allowance (CCA) tax benefit for each 
year of the project respectively. The calculations for the net returns are described in the “Single 
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Year AD Calcs.” and “Multi Year AD Calcs.” sections of this report. The income tax uses an 
Excel “if” logic function which sets itself to equal the expected annual returns after costs 
multiplied by the income tax rate, which is dependent on the individual’s person income level 
minus the CCA benefit. The amount of CCA benefit received is dependent on the expected 
annual returns; if they are equal to or greater than zero then it is equal to the CCA tax benefit 
calculated by the method mentioned above, if negative then it is equal to zero. According to the 
Canadian Revenue Agency (CRA, 2009) the CCA tax benefit is the cost associated with the 
depreciation of a piece of property one can deduct from their taxes. This is calculated by 
multiplying one’s income tax by the CCA of the project. The CCA is calculated by multiplying the 
project’s CCA rate by its current capital value. The CCA rate is determined by which CCA class 
the property that is being depreciated fits under. In this case, the default CCA rate of the 
spreadsheet is 50%. The current capital value of the project is calculated by taking the previous 
year’s capital value or initial capital investment for the first year of the project, adding the 
previous year’s repairs if any, and then subtracting the previous year’s CCA, if any.  

The discount rate of the project is subjective to the investor as it is supposed to represent 
the opportunity cost of the investment. It is subject to the level of risk aversion of the investor 
and what other investments are available to them. This rate should indicate the expected rate of 
return for the investor when compared to any other investment of similar risk and length. For 
example, if the project had zero risk and was expected to last 10 years, then one should use the 
discount rate of the highest interest rate the investor could find of any other guaranteed 10 year 
investment, possibly a government bond or savings account. If the project is riskier to the 
investor then a higher discount rate should be used. In this spreadsheet, the nominal discount 
rate is 8% as that has been the most common rate found in the literature reviewed.  

The spreadsheet converts the discount rate into a discount factor by taking one plus the 
real discount rate to the power of t and inversing it. The NPV is thus calculated by taking the 
sumproduct of all the ATCF and all the discount factors for each respective year of the project’s 
lifespan. 

The ANPV is the NPV except that it also accounts for the net present value of financing an 
investment (NPVF). The formula for the ANVP is thus ANVP= NPV+NPVF. The NPV is 
calculated as mentioned above; the NPVF is calculated in a similar manner as given by the 
equation below. When no financing takes place the ANPV is equal to the NPV. Whenever a 
project produces a positive ANPV this indicates that the project is a good investment and should 
go forward. 

NPVF =
 � ������������ � � � ������������� + Initial Loan      (2.4) 

Where Pt, and It are the principle payment and interest payment after tax, at time t, respectively. 
The discount rate is the same as for the NPV since it is assumed the opportunity cost of 
financing the investment is the same as the opportunity cost of investing in it. These payments 
are discounted by dividing them by one plus the discount rate raised to the power of t, just as 
when calculating the NPV.  

In this spreadsheet the NPVF is calculated by first having the initial loan amount, the 
interest rate and the length of the loan entered in by the user in the “Loan Amortization 
Schedule” spreadsheet. The “Loan Amortization Schedule” spreadsheet uses this information to 
calculate the principle and interest payments. Since the discount rate is the same for the NPVF 
and the NPV, the ANPV is calculated by adding the ATCF (used to calculate the NPV), the 
principal payments, and the interest payments, to create the After Tax and Financing Cash Flow 
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(ATFCF) for each respective year of the project. The ATFC is then discounted to inflation by 
dividing each ATFCF by one plus the rate of inflation, which is entered in by the user in the 
“Executive Calculations” spreadsheet, to the power of t giving the after tax and financing real 
cash flow(ATFRCF). Since the ATFRCF is in real dollars the nominal discount rate must be 
converted into a real discount rate. This is calculated by adding one to the discount rate and 
dividing one plus the expected rate of inflation and then subtracting this value by one. The 
ANPV is then given by taking the sumproduct of all the discount factors and all the ATFRCFs for 
each year of the project’s lifespan respectively. Whenever a project produces a positive ANPV 
this indicates that the project is a good investment and should go forward. 

The AIRR is arguably the most commonly used investment decision making tool in the 
business world (Ross et al. 2005). It is the discount rate at which the ANPV equals zero. Since 
the discount rate represents the opportunity cost of the investment, if the AIRR is higher than 
any other expected rate of return from another investment of similar risk (ie. the discount rate 
one should use when calculating the NPV) then the investment should be worthwhile. The 
spreadsheet calculates the AIRR by using the IRR function provided in Excel, for all of the 
ATFRCFs, for each year of the project’s lifespan respectively.  

The PBP is the length of time it should take for the initial investment to be paid off. This 
decision making tool is usually evaluated by comparing the PBP value of one investment to the 
PBP value of all other investments being considered, the investment with the lowest PBP being 
the best investment. The spreadsheet calculates the PBP by first calculating the cumulative 
after tax and financing cash flow (CATFCF). The initial CATFCF is equal to the negative value 
of the initial capital cost plus the initial loan, in all subsequent periods of the project’s lifespan 
the CATFCF is equal to the previous year’s CATFCF plus the current year’s ATFCF. Once the 
CATFCF reaches a positive value the spreadsheet inputs the value zero for all following years. 
The PBP is calculated in the year with the first positive CATFCF; the spreadsheet subtracts that 
year’s ATFCF from that year’s CATFCF and then divides that value by that year’s ATFCF. This 
value is then added to the previous year’s t value, giving the PBP value. If the project’s lifespan 
is less than the value of the PBP, the spreadsheet will display “Negative” indicating that the 
project will not be able to pay off the initial investment during its lifespan. This is the minimum 
criteria which the PBP should meet. The PBP is often critiqued for not accounting for any of the 
cash flows from the years after the project has been paid off. Based on this it would appear that 
if the projects duration is held constant, the relatively better the result of the PBP, the worse this 
criteria credibility becomes.  

AROE, AROI, and AYNI are all calculated and measure the economic feasibility very 
similarly. AROE is measured by calculating the return on equity for each year of the project and 
then taking the average of all these values. The return on equity for a specific year is calculated 
by taking that year’s ATFCF value and dividing it by the capital cost of the project minus the 
loan amount. The AROI is calculated in the same manner except that the return on investment 
for a specific year is calculated by taking that year’s ATFCF and dividing it by the initial capital 
cost without the loan amount subtracted. The AYNI is calculated by simply taking the average of 
the ATFCF. The minimum criteria for these values are that they are higher for this project than 
any other available investment with the same level of risk. It should be noted that these three 
criteria are all averages and do not necessarily give a good representation of the poorest or best 
years of the project. These criteria also do not give any weight to the yearly cash flows, meaning 
that a dollar today is equal to a dollar twenty years from now. This is most likely not an accurate 
assumption since a dollar today could be invested and be made into several dollars twenty 
years from now.  
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2.10 Tables and Figures 

  Table 2.1, “Basic User” spreadsheet input variables 

 
 
 
 
 
 
 
 
 
 
 

Variable Cell Location  Potential User Sources 

Corn silage B8 Farmer Information 

Dairy Manure (Liquid Manure) B9 Farmer Information 

Finishing Hogs (Liquid Manure) B10 Farmer Information 

Beef Feeders  (Liquid Manure) B11 Farmer Information 

Beef Feeders (Solid Manure) B12 Farmer Information 

Broilers (Solid Manure) B13 Farmer Information 

Liquid Off Farm Materials (Grease) B14 Farmer Information 

Liquid Off Farm Materials (Vegetative) B15 Farmer Information 

Solid Off Farm Materials (Grease) B16 Farmer Information 

Solid Off Farm Materials (Vegetative) B17 Farmer Information 

Capital Incentive B20 Government 

Capital Incentive Limit B21 Government 

Operation can utilize heat at B22 Farmer Information 

CCA Rate B23 Tax Revenue Canada 

Income Tax Rate B24 Tax Revenue Canada 

Other Exceptional Initial Costs B25 Farmer Information 

Salvage Value B26 Farmer Information 

Property Tax Rate B27 Local Municipality 

Expected Cost of Labour B28 Farmer Information 

Expected Discount Rate B29 Farmer Information 

Expected Rate of Inflation B30 Statistics Canada CPI 

Percentage Escalated B31 FIT Contract 

Is this a Regulated Mixed AD System     B36 Farmer Information 

Is the community price adder included    B37 Farmer Information 

Average Retention Time B39 Farmer Information 

Project Life Span B40 Farmer Information 

Manufacturer engine efficiency single fuel B42 Engine Manufacturer 

Adjuster for  Capital Cost of AD Systems B48 Farmer Information 

Adjuster for FIT Prices B49 Farmer Information 

Adjuster for Single Fuel Electrical Engine 
Efficiency B50 

Farmer Information 

Adjuster for Dual Fuel Electrical Engine 
Efficiency B51 

Farmer Information 

Adjuster for Capital Cost of Bio-methane 
System B52 

Farmer Information 

Bio-methane Price B53 Local Natural Gas Provider 

Adjuster for Bio-methane Operating Costs B54 Farmer Information 
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Table 2.2, technical and operation Variables 
Variables Default Source of Default 

Bio-methane Conversion Efficiency 

90.00% 

Hilborn (personal 
communication, 
March 30th 2011) 

Expected Capacity Factor for Continuous 

Operation for First Year of Operation 50.00% 

Hilborn (personal 
communication, 
March 30th 2011) 

Expected Capacity Factor for Peak 

System for First Year of Operation 50.00% 

Hilborn (personal 
communication, 
March 30th 2011) 

Expected Capacity Factor for Continuous 

Operation for all Remaining Years of 

Operation 
85.57% 

Hilborn (personal 
communication, 
March 30th 2011) 

Expected Capacity Factor for Peak 

System for all Remaining Years of 

Operation 
95.00% 

Hilborn (personal 
communication, 
March 30th 2011) 

Expected Length of Motor Operation 

Time Before Repairs are Needed 

 

50000 Hours 

Hilborn (personal 
communication, 
March 30th 2011) 

Amount of Electricity Used to Operate the 

Plant 
7.50% of total 

electricity 

generated  

Hilborn (personal 
communication, July 
8th 2010) 

Expected Change in Engine Electrical 

Efficiency Due to Wear 0.00 

Hilborn (personal 
communication, 
March 30th 2011) 

Maximum Volatile Solids per day in 

Digester 4.00 

Hilborn (personal 
communication, 
March 30th 2011) 

Corrective Maintenance Occurs Every 

1.00 Year 

Hilborn (personal 
communication, July 
21st  2011) 

Hours of Biogas Storage Available from 

Digester 4.00 Hours 

Hilborn (Personal 
communication, April 
15th 2011 

Expected Energy Content of Methane 

10.1 kWh/m3 

Hilborn (personal 
communication, 
March 30th 2011) 

Amount of Electricity Produced by the AD 

that will be Used on Farm Annually 0 kWh 

Hilborn (personal 
communication, 
March 30th 2011) 
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Table 2.3, Expected Cost and Revenue Variables 

Variables Default Value Source of Default Value 

Expected Cost of Increasing 

Motor Capacity for Peak 

System 

1000.00$/kW Hilborn (personal communication, March 

30th 2011) 

Expected Cost of Increasing 

Biogas Storage for Peak 

System 

500.00$/kW Hilborn (personal communication, March 

30th 2011) 

Expected Total Cost of 

Increasing Capacity for Peak 

System 

1500.00$/kW Hilborn (personal communication, March 

30th 2011) 

Expected Cost of Moving Off 

Farm Material to Digester  

1.00 $/ton Hilborn (personal communication, July 

8th 2010) 

Expected Cost to Moving 

Manure to Digester  

1.00 $/ton Hilborn (personal communication, July 

8th 2010) 

Net Benefit of Acquiring Off-

Farm Materials 

-8.00 $/ton Hilborn (personal communication, July 

21st 2011) 

Maintenance of Pumps Costs 0.00% Hilborn (personal communication, July 

21st 2011) 

Insurance Costs 0.67% Of 

Initial 

Investment 

Hilborn (personal communication, July 
8th 2010) 

Cost of Silage 407.65 $/Ac OMAFRA Crop budget (2010) 

Expected Cost of Major Motor 

Repair 

0.00 $/kW Hilborn (personal communication, July 

21st  2011) 

Cost of Land for Corn Silage 250.00 $/Ac Hilborn (personal communication, July 

8th 2010) 

Greenhouse Gas Credits 15.00$/ton of 

CO2 

Government of Alberta (2012) 

Corrective Maintenance 5.00% of Initial 

Investment 

Hilborn (personal communication, July 

21st 2011) 

Energy Import Cost 0.16 $/kWh Don Hilborn (personal communication, 

July 21st 2011) 
Cost of Moving Silage to 

Digester 

2.00 $/Ton Hilborn (personal communication, July 

8th 2010) 

Replacing Nutrients in Silage 

Crops 

97.00 $/Ac OMAFRA crop budgets (2010) 
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Table 2.4,  Feed-in-Tariff Values 

Variables Default Value Source 

<=100 kW and on farm 0.195 $/kWh OPA FIT Price Schedule 
(2010) 

>100kW and <=250 kW and on farm 0.185 $/kWh OPA FIT Price Schedule 
(2010) 

>250kW and <=500 kW 0.16 $/kWh OPA FIT Price Schedule 
(2010) 

>500 kW and <=10 MW 0.147 $/kWh OPA FIT Price Schedule 
(2010) 

>10MW 0.104 $/kWh OPA FIT Price Schedule 
(2010) 

community adder 0.004 $/kWh OPA FIT Price Schedule 
(2010) 

Peak Hours Bonus 35.00% of FIT Rate OPA FIT Price Schedule 
(2010) 

Off Peak Deduction 10.00% of FIT Rate OPA FIT Price Schedule 
(2010) 

 

Table 2.5, Digestate Nutrient and Material Information 
Variables Default Value Source of Default Value 

Loss of nutrient value 30.00% Hilborn (personal 

communication, July 8th 

2010) 

Additional Costs to spread nutrients 2.00 $/ton Hilborn (personal 

communication, July 8th 

2010) 

Loss of material during digestion 20.00% Hilborn (personal 

communication, July 8th 

2010) 

Effects on Nutrients from manure 0.00% Hilborn (personal 

communication, July 8th 

2010) 

Effects of Nutrients from off farm 0.00% Hilborn (personal 

communication, July 8th 

2010) 
Pathogen Reduction Value 0.00% Hilborn (personal 

communication, July 8th 

2010) 

loss of dry matter to spread 50.00% losses via 
biogas+E65+E65+E97 
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  Table 2.6, Variables that are used for Linear Interpolation 

Variables Default Values 

Average 
Capital Cost 
of AD per kW 

9,000$/kW for <=40 kW  
*(40kW,9,000$/kW) and ( 100 kW, 8,000 $/kW) for >40 kW<= 100 
kW  
*( 100 kW, 8,000 $/kW) and ( 250 kW, 7,000  $/kW) for >100 
kW<=250 kW  
*( 250 kW, 7,000  $/kW) and ( 500 kW, 5,500 $/kW) for >250 
kW<=500 kW 
*( 500 kW, 5,500 $/kW) and (10 mW, 5,500 $/kW) for >500 kW 
<=10 mW 
5,500 $/kw for > 10 mW 

Preventative 
Maintenance 
Costs 
Including Oils 
and Fluids                                             
 
 

0.036$/kW for <= 100 kW 
*(0.036 $/kWh,100 kW) and(0.028 $/kW, 250 kW) for 
>100kW<=250kW 
 *(0.028 $/kWh, 250 kW)and (0.024 $/kW, 500 kW) for >250kW 
<=500kW 
 0.024$/kWh for >500kW 

Hours of 
Labour a Day 
of AD System 

0.5 hr/day for <=40kW 
*(40kW, 0.5 hr/day) and ( 100 kW, 1 hr/day) for >40 kW<= 100 kW 
*( 100 kW, 1 hr/day) and ( 250 kW, 2 hr/day) for >100 kW<=250 
kW 
*( 250 kW, 2 hr/day) and ( 500 kW, 3 hr/day) for >250 kW<=500 
kW 
*( 500 kW, 3hr/day) and (10 mW, 4 hr/day) for >500 kW <=10 mW 
4 hr/day for > 10 mW 
 

 

   * Two known Points used for Linear Interpolation  
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Table 2.7, Estimations of Capital Cost for Single Fueled Continuous System by kW 
Capacity for Both Estimation Methods 

kW Capacity First Method Second Method 

25kW $300,000.00 $375,000.00 

50 kW $441,666.70 $500,000.00 

100 kW $800,000.00 $750,000.00 

250 kW $1,750,000.00 $1,500,000.00 

500 kW $2,750,000.00 $2,750,000.00 

10 mW $5,500,000.00 $5,250,000.0 
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Figure 2.2, basic user input information with 150 dairy cows plus replacements and 2000 m3 of solid grease 
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Figure 2.3, default substrate information  
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Figure 2.4, basic user output information with 150 dairy cows plus replacements and 2000 m3 of solid grease

 



 

 

33 

 

Figure 2.5, advanced user inputs spreadsheet with default values
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Figure 2.6, loan amortization schedule for workbook 
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Figure 2.7, engine and other anaerobic digester equipment repair costs from “Multi Year AD Calcs.” spreadsheet                       

 

 

Figure 2.8, contract price (CP) adjustment with positive change in consumer price Index from “Multi Year AD Calcs.” 

spreadsheet 
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Figure 2.9, cash flow for initial investment, year one and year twenty for all five systems with a project lifespan of 20 years 

from “Multi Year Financial Calcs.” spreadsheet 
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CHAPTER 3: A DEMONSTRATION OF THE AGRICULTURAL ANAERIONIC DIGETION 
CALCULATION WORKBOOK FOR ONTARIO LIVESTOCK PRODUCERS2  

 
3.0 Introduction 
 
Anaerobic digester (AD) technology is a form of renewable energy with significant upside 
potential and little public resistance. This interest is mainly due to an AD’s ability to turn a waste 
material, such as livestock manure, into a clean, local energy source. The main source of inputs 
into a farm based AD system is manure from a confined feeding operation. The manure is first 
sent into a storage facility before moving into the AD tank. The AD tank produces two outputs: 
biogas and digestate. The anaerobic bacteria breakdown the organic material in the absence of 
oxygen and turn it into biogas, which is approximately 60% methane and 30-40% carbon 
dioxide. Biogas is typically treated by removing excess moisture and hydrogen sulfide and then 
sent to a co-generator that produces heat for on-site use and electricity for sale. The digestate 
that is produced is sent to liquid/solid separator which produces compost or nutrient rich value 
added products. As the demand for renewable clean local energy increases, so will the need for 
more accurate and detailed economic information on the financial feasibility of ADs.  
 

Previous studies have generally found ADs to be a poor investment for private firms without 
subsidization. Bishop and Shumway (2009) use two years of physical and financial data from an 
operational AD located on a dairy farm in Washington State to evaluate the financial feasibility 
of an AD. They find the net present value of the investment is negative but that revenues 
(tipping fees and electricity sales), and consequently the financial returns, vary with geographic 
location. Lazarus and Rudstrom (2007) using data monitored over five years from an AD on a 
dairy farm in Minnesota also found the AD to be financially unfeasible without a significant rise 
in the electricity price. Similarly, Wang et al. (2011) found that the financial feasibility of ADs on 
Vermont dairy farms is highly dependent on grants from government and non-government 
sources, enhanced electricity prices, and revenues generated from byproducts of the system. In 
contrast, White et al. (2011) concluded ADs are financially feasible for Ontario dairy farms but 
their analysis was for a hypothetical modular AD system that currently does not exist and one 
that under-estimates actual capital costs of an AD. 

 
The mixed results on the financial feasibility of ADs could be due to the site of the analysis 

since results vary with geographic location (Bishop and Shumway, 2009) or the type of AD 
system, which are not standardized but rather customized to the individual situation. Given the 
public and private interest in AD technology and the need to assess the feasibility by site, a 
decision-making tool that can be adapted for each location and system would aid assessing the 
investment. Public policy makers could determine the rates of financial support necessary in the 
form of capital cost allowances or electrical rate hikes that would attract private firms to invest in 
AD if the non-market benefits of the renewable energy are sufficiently high. Either with or 
without public assistance, individual investors could use a tool allowing them to calculate the 
financial returns to alternative AD systems for their operation.  

 

                                                           

 
2 A version of Chapter 3 has been submitted to the Journal of Renewable Energy and is currently under 

review.  Robert Anderson, Don Hilborn, and Alfons Weersink. 2012. A Economic and Functional tool for 

Assessing the Financial Feasibility of Farm-Based Anaerobic Digesters. 
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The purpose of this chapter is to present a freely available workbook to determine the 
financial feasibility of a farm-based AD and to demonstrate its use. The chapter begins with a 
description of the workbook that allows the benefits and costs associated with constructing and 
operating an AD for a specific farm to be quantified. The workbook calculates expected yearly 
cash flows of an AD for an individual investor and uses these cash flows to estimate a number 
of financial return measures such as adjusted net present value (ANPV). In addition to 
determining the financial feasibility for an AD under individual circumstances, the workbook may 
also be used to evaluate renewable energy policies and funding opportunities to support the 
future growth of ADs. The next section of the chapter demonstrates the workbook for Ontario 
livestock farmers. The analysis examines which types and sizes of Ontario livestock farms AD 
technology is financially feasible for under the current Ontario conditions; how the technical 
elements of the system influence the financial feasibility of an AD; what are the ranges in farm 
sizes that this is true for; and which variables have the most influence over its economic value.  
 
3.1 A financial evaluation tool for farm-based anaerobic digesters 
 
An Excel workbook can be a very useful tool to calculate the profitability of an AD for farmers. 
ADs can have several sources of revenue and they are costly to purchase, install and operate. 
The complexity and scale of these investments means that using an Excel workbook as a tool 
can help ensure that the entire scope of the investment is considered and the necessary 
calculations are made correctly. An Excel workbook also allows a potential investor user to 
change input variables so that the profitability of an investment is estimated specifically to the 
user’s circumstances. 

 
The workbook developed in this analysis estimates the amount of potential electrical 

generation capacity based on the amount inputs available to an AD. The capacity of the AD 
determines operating and capital costs along with the revenues. In order to estimate net returns 
to the investment in an AD, input on financial and technical parameters are required and 
calculations on the financial and technical outputs must be made. The flow of information 
between the components of the model is illustrated in Chapter 2’s Figure 2.1.  

 
There are five different AD system types considered within the workbook. The five systems 

are defined by when the digester is operated, engine type and usage of the methane. The 
digester can run continuously or mainly during on-peak demand hours in an attempt to 
maximize higher prices received during peak demand hours, typically 11:00 AM to 7:00 PM 
during business days, and minimize lower prices received for producing electricity during off-
peak demand hours. Within each of these two operating scenarios there are two different 
engine types for the digester; a single fuel, methane only driven engine or a dual fuel engine, 
which uses a combination of methane and diesel fuel to generate electricity. The combination of 
these two categories results in four systems: (1) Single Fuel Continuous Operation, (2) Single 
Fuel Peak Hours Operation, (3) Dual Fuel Continuous Operation and (4) Dual Fuel Peak Hours 
Operation. A fifth system, called the Bio-Methane System is also included. In this system, the 
biogas is run through a filter that converts the biogas into bio-methane which is then sold to the 
natural gas grid instead of being burned to produce electricity for the electrical grid. 

 
The required data and the flow of this information within the workbook that results in the 

final feasibility assessment are illustrated in Chapter 2’s Figure 2.1. The four solid line 
rectangles represent the spreadsheets requiring information from the user. Baseline values are 
provided within the workbook for the user but the user is encouraged to at least provide case 
specific data for some parameters (i.e. livestock type and numbers). The dotted line rectangles 
indicate the information transferred from these input spreadsheets to the round edged 
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calculation sheets, and the information transferred from the round edged calculation sheets 
back to the basic user input spreadsheet. The calculation spreadsheets estimate the financial 
and technical outputs using relationships embedded within the spreadsheets. The first four 
spreadsheets involve inputs provided by the decision maker and the rest of the worksheets 
provide technical and financial outputs from the inputted data. 

 
The initial input spreadsheet entitled “Basic User Inputs” requires information from the user 

on the data specific to the individual considering the purchase of a digester. Data is required on 
the material feeding the digester, basic technical and financial digester specifications, pricing 
adjustments and a summary of biological and economic output measures. The second 
spreadsheet “Substrate Information” is where the user enters detailed technical information 
related to the AD’s substrates, or accepts the default values. The third spreadsheet called 
“Advanced User Inputs” is where users with more expert knowledge in ADs can input data on 
technical and financial elements of the system. Advanced technical and operation variables 
include maximum allowable volatile solids per day in the digester or the expected capacity factor 
of the system during the first year of operation. Advanced expected costs and revenue variables 
include electricity prices, capital cost information, repair/maintenance costs, costs of moving 
input material to the digester and additional substrate costs. “The Loan Amortization Schedule” 
spreadsheet is where the user enters financing information such as loan size, interest rate, and 
amortization period. 

 
The first of the output worksheets, “Single Year AD.Calcs”, calculates annual revenues and 

costs for each of the five AD systems. The annual estimates are fed into “Multi Year AD.Calcs.” 
to create a multiyear model, of up to thirty years, for an AD project. The annual values are 
modified to account for changes in prices over time and allows for the option to include costs 
that depend on factors such as the age of the engine and its deterioration in efficiency that 
results from this. The final spreadsheet, titled “Multi Year Financial Calcs.” calculates seven 
different financial feasibility measures such as net present value, payback period, and internal 
rate of return.  
 
3.2 Case study for Ontario 
 
Ontario has been selected to demonstrate the workbook because of the current level of support 
the Ontario government is providing for the encouragement of farm-based AD developments. 
The government of Ontario has implemented several initiatives to support renewable energy 
sources including farm-based AD since the passing of the Green Energy and Green Economy 
Act in 2009. The Ontario Energy Board (2011) has stated that since the Green Energy and 
Green Economy Act came into place it has decided to encourage conservation and promotion of 
renewable energy generation, and technological innovation through the smart grid. The Ontario 
Ministry of Agriculture Food and Rural Affairs (OMAFRA) (2011) has provided $11.2 million to 
help build AD projects throughout Ontario through its Biogas Systems Financial Assistance 
Program, which ran from September 2008 to March 2010.The majority of the money from this 
program provided 27 farms 40% of the capital cost of their investments, with a cap of $400,000, 
in AD technology (Ontario Ministry of Agriculture Food and Rural Affairs, 2011). The Ontario 
Power Agency (OPA) (2012) is also making renewable energy developments more economical 
through its Feed-in-Tariff (FIT) and micro Feed-in-Tariff programs (MicroFIT). Currently there 
are 10 ADs that are operational and 20 that are in the process of becoming operational in 
Ontario (AgriEnergy Producers Association of Ontario, 2012). 

 
The FIT program is intended for renewable energy projects greater than 10 kW and the 

MicroFIT program is intended for renewable energy projects less than or equal to 10 kW. Both 
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programs are provided by the OPA and are subsidy programs. They allow individuals who are 
planning on investing in renewable energy in Ontario to sign a contract with the OPA, which 
guarantees them a certain rate per kilowatt hour for providing renewable energy to the Ontario 
power grid. This rate can change depending on a number of variables including the type of 
renewable energy, the amount of energy produced and who is investing in it. A typical FIT 
contract usually lasts twenty years. The FIT rates can go a little higher if the project qualifies a 
community adder or if consumer price index (CPI) is positive due to the escalation percentage 
that ADs receive under their FIT contract.  

 
The escalation percentage is the rate at which the FIT rates increase relative to any 

positive change in the CPI once the renewable energy generator is operational. Between when 
the renewable energy generator has been approved and when it is operational the price will 
increase at the same rate as the change in the CPI. If the CPI decreases or does not change 
either before the renewable generator is operational or after and it has been accepted into the 
program the FIT rates will not change. The FIT rates of all renewable energy projects their 
community price adders and escalation percentages compiled from the OPA (2012) can be 
found in Table 3.1.Despite the growing emphasis placed on encouraging AD investments in 
Ontario through these various initiatives, the profitability for an individual investor is still unclear. 
Aside from the farms that have received financial assistance from the government, only a select 
few other farms have invested in AD technology. 

 
3.3 Results and Discussion 
 
The adjusted net present value of a single fuel continuous AD system is calculated for each of 
the four livestock types (dairy, hogs, beef and broiler) for alternative farm sizes. The range of 
alternative farm sizes captures the majority of even the largest commercial livestock farms in 
Ontario. The current FIT pricing system is used and no other outside material is put into the AD. 
The ANPV for alternative system type and efficiency with additional substrate material are 
evaluated in the next sub-section.  
 
3.3.1 Farm type and size effects 
The financial feasibility of an AD for alternative farm types by size are illustrated in Figure 3.1 for 
dairy, Figure 3.2 for beef, Figure 3.3 for hogs and Figure 3.4 for broilers. The adjusted net 
present value increases with farm size as expected indicating the presence of size economies. 
As farm size increases, the size of the AD system must increase as the digester tanks must be 
larger to hold the increased available substrates and the electric engine generator must become 
either more efficient or larger itself in order to burn the increased amount of methane produced 
to create electricity. Larger systems also have higher annual variable costs, some of which 
include maintenance costs, labour costs, and cost of moving input material to the digester. The 
fixed costs are lumpy as the digester technology comes in discrete unit sizes allowing the fixed 
costs to be spread out as farm size increases. Given this decrease in average fixed costs, the 
increase in annual revenue with size due to the larger amount of electricity generated results in 
an increase in annual net returns with farm size for all livestock types.   

 
While the ANPV generally increases with farm size, there are discrete drops noted for dairy 

and beef farms. The sudden decline in ANPV occurs due to the structure of the FIT pricing 
system. The FIT price that a farmer receives for the production of electricity from the biogas 
produced by an AD depends on the electrical generation capacity of the AD (see Table 3.1). As 
the AD electrical generation capacity goes over or under one of the FIT pricing thresholds, the 
FIT price that they receive changes to a new rate. For instance, increasing dairy herd size from 
300 to 350 cows requires an AD with an electrical generation capacity exceeding 100 kW, which 
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results in the FIT price, with community adder included, to drop from $0.199 per kWh to $0.189 
per kWh. The other electrical generation capacity thresholds are 250 kW, 500 kW and 10MW 
and the corresponding price per kW drops are $0.189-$0.164, $0.164-$0.151 and $0.151- 
$0.108.  

 
Although the ANPV generally increases with farm size, it is negative for all farm types 

regardless of size with the exception of dairy. Dairy is more likely to be suited for ADs then other 
livestock types due the amount of manure each dairy cow produces and the manure’s 
composition. An individual dairy cow produces an average of 46 m3/year of manure compared to 
1.6 m3/year for hogs, 12.4 m3/year for beef cows of liquid manure (10.34 m3/year if solid) and 
33.7 m3/year for 1000 broilers. In addition, dairy generates higher methane production from an 
individual unit of manure, with the exception of hogs which produces approximately 20% more 
methane per unit of manure. This methane production from an individual livestock unit is 
determined largely by four key parameters: manure density, percentage of volatile solids (VS) in 
the manure, biogas yield per ton of VS, and methane content of the biogas. The product value 
from these four variables is what determines the methane production from an individual unit of 
manure. 

 
While the AD is financially feasible only for dairy farms under the base settings, it is so for 

only two small ranges in farm size. The ANPV is positive between 616-778 cows and between 
1386-1423 cows. As noted above, there is decline in ANPV after 778 cows and 1423 cows due 
to the decline in electricity price received due to the higher capacity AD employed. Using data 
from Statistics Canada (2012) on the number of farms reporting cattle and calves and the 
estimated percentage of these farms being dairy, used by White et al. (2011), of 27% it is 
estimated that there are only 15 herds greater than 616 cows in Ontario (approximately 0.06% 
of the dairy herds in the province), suggesting that AD is not financially viable for the majority of 
Ontario dairy farms. 

  
The unprofitability of an AD for the majority of individual livestock farms is consistent with a 

number of previous studies. Bishop and Shumway (2009) estimated that an AD on a 500 cow 
dairy farm in Washington State would generate a NPV of - $644,556, while Lazarus and 
Rudstrom (2011) also estimated an AD would not be feasible on a 800 cow dairy farm in 
Minnesota (NPV=-$13,266). Similarly, Wang et al.’s (2011) case study found an AD on a dairy 
farm in central Vermont would generate a return on equity of only 1.16% using 2008 electricity 
prices. 

 
 One study did find AD investments to be profitable, and in the Ontario setting was, White et 

al. (2011). One possible reason for this difference is that White et al. (2011) used estimated 
capital cost for a hypothetical modular AD system, while this analysis estimates capital cost 
based on the technology currently available. They argue that the capital cost of modular AD 
systems would be significantly lower than the current individually designed AD systems. To 
illustrate this difference, the capital cost used by White et al. (2011) for a system that generates 
431,000 kWh per year is $80,000 compared to the capital cost used by this analysis of 
approximately $537,900 for a system of that size. Another possible reason for this divergence in 
results is that White et al. (2011) assume that labour and maintenance costs are provided by the 
farmer and thus not part of the AD system costs. In this analysis, labour and maintenance costs 
are included because the farmer is the investor and such opportunity costs will be borne by the 
investor. This analysis estimates that labour and maintenance costs for a system of the size 
mentioned above are $5,904.80 and $26,899.74 respectively. A third possible reason why the 
results are different is that White et al. (2011) use payback period and ROI as their evaluating 
criteria and this analysis uses ANPV. ANPV is generally viewed in finance as a more accurate 
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evaluation criterion since it requires projected cash flows and discounts these cash flows to a 
present value.  

 
3.3.2 AD system effects 
The base system for the previous analysis of farm type and size has no off farm material 
available for input and a single fueled AD system that is intended to run as continuously as 
possible throughout the year. This section examines the effect of alternative AD systems, input 
materials, and system efficiency on the financial feasibility of an AD (see Table 3.2). The effects 
of the alternative systems are examined only for dairy farms since this is the only livestock 
sector for which the analysis in the previous section determined an AD was financially feasible. 
The relative impacts of alternative systems, however, extend to other livestock types.  

 
In addition to the single fuel continuous system (base model), four alternative systems were 

examined: a single fuel peak system, a dual fuel continuous system, a dual fuel peak system, 
and a bio-methane system. A single fuel peak system only operates during peak demand hours 
and continuously on weekends (to keep addition costs of biogas storage feasible). The NPV is 
approximately -$300,000 across all farm sizes and does not increase with size as does the 
continuous system. This is because as the system gets larger, the additional revenue which is 
primarily from the extra electricity produced is offset mainly by the addition costs needed for 
additional storage of the biogas and the larger engine needed to burn the higher quantity of 
biogas being run through it, which is estimated at a total of $1,500 per kW of electrical capacity. 
In addition; to meet peak power requirements the generator typically runs one third of the time. 
Therefore to generate the same amount of power over this smaller time frame the generator 
needs to be approximately three times larger. Since, as mentioned before, the FIT price is 
partially based on the electrical capacity, often increasing the generator size by this magnitude 
will cause the FIT price to drop to a lower price category. In contrast, the ANPV for a dual fuel 
continuous system increases with herd size as with the single fuel continuous system, but unlike 
the latter, it is generally financially feasible for a large farm. The ANPV for this type of system is 
$132,078 on a farm with 400 cows and more than triples $417,273 on a farm with 600 cows. 
The dual fuel continuous system generates a higher ANPV due to its greater electrical efficiency 
and only moderately higher initial capital cost for its electric engine and annual cost of 
purchasing diesel fuel. As with the peak alternative for a single fuel system, the peak option for 
dual fuel system is not financially feasible regardless of herd size. The bio-methane system also 
generates positive ANPVs for farms with 400 ($175,327) and 600 ($493,228) cows. The price 
for bio-methane of $22/Giga Joule, which currently does not exist in Ontario, was chosen to 
make bio-methane financially comparable to small sized single fuel continuous AD systems and 
does not fall as more methane is produced, unlike the FIT pricing system for electricity. 
Consequently, increases in farm size allow the farm to capture economies of size and allow the 
system to generate positive ANPVs. It should also be noted that the economics for the 
biomethane system assumes that the cost for utilization are the same for each. According to 
Hilborn (personal communication, March 30th 2011) this is likely not true especially for small 
systems where the cost of biogas upgrading and injection into a pipeline likely exceeds the cost 
of electrical production and placement into a grid. 

 
Five different types of non-livestock based materials for digestion, in addition to the animal 

waste, are considered: (1) 50 ha of corn silage, (2) 2000 cubic meters of liquid grease 
commonly known as FOG (Fats, Oils and Greases), (3) 2000 cubic meters of solid grease, (4) 
2000 cubic meters of liquid vegetative waste and (5) 2000 cubic meters of solid vegetative 
waste. The inclusion of corn silage increases revenue but the increase in operation costs and 
the cost of growing the crop and moving it to the digester which is estimated at $36.10/ ton and 
$2.00/ton respectively, causes a more negative ANPV than under the base case (Table 3.2). 
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However, there is one financially feasible scenario created by the addition of non-livestock 
based materials. For farms with 2000 cubic meters of solid grease available and 200 cows 
available generates an ANPV of $42,793. Solid grease waste make the investment in an AD 
more financially feasible because of its high substrate to methane conversion efficiency. The 
larger farm size groups for the farms with solid grease are not as financially feasible due to the 
large FIT contract price drop that occurs at the 250 kW electrical generation capacity thresholds 
as discussed above. The addition of the other off farm material analyzed, liquid grease and 
liquid and solid vegetation, do not generate as positive results because of lower substrate to 
methane conversion efficiency and can even make the investment worse off as is the case of 
liquid vegetation due to the additional cost of having to manage the waste, which is estimated at 
$8 per ton, being greater than the additional revenue received from the increased production of 
electricity from the addition substrate material being available.  

 
An AD has two types of system efficiencies, one of which is the electrical engine efficiency 

the other is its biological efficiency. The electrical engine efficiency is the percentage of energy 
that the electrical engine can convert from the total energy in the methane to electrical energy. 
The biological efficiency is the amount of methane that the anaerobic bacteria can convert from 
the input material available. Variables that affect the biological efficiency of an AD include 
oxygen levels, PH levels, and temperature. Scenarios with 10% higher and 10% low efficiencies 
were included for both types of system efficiencies. There are three scenarios with higher 
system efficiencies that result in positive ANPVs. A farm with 10% higher biological efficiency 
and 400 cows generates an ANPV of $8,996.83 and a farm with 10% higher biological efficiency 
and 600 cows gives an ANPV of $239,255.19. A farm with 600 cows and 10% higher electrical 
efficiency produces an ANPV of $130,497.40.  

 
3.3.3 Breakeven analysis 
The break-even (BE) values and the percentage change from their associated base value is 
given in Table 3.3 for the major revenue and cost parameters. The BE value is the value of the 
parameter, when keeping all other parameters constant, for which the adjusted net present 
value of the base system (single fuel continuous system with no additional substrate) is equal to 
zero. For example, the ANPV of an AD for a 200 cow dairy herd is -$212,395 (Table 3.2) under 
the current FIT price but a 25% increase in the electricity price to $0.249 per kWh results in the 
present value of net annual returns being just equal to the initial investment cost. The absolute 
and relative rate of the increase in the sale price of electricity necessary to make the AD 
financially feasible decreases with herd size. For example, the break-even output price drops by 
$0.17 per kWh (=0.50-0.33) as herd size double from 50 to 100 cows but drops by $0.08 per 
kWh when herd size is doubled again to 200 cows. The increase in electricity price, necessary 
to make an AD financially feasible on Ontario dairy farms, is relatively small for larger herd 
sizes. However, the current FIT contract prices of around $0.19 per kWh depending on digester 
size, while lower than many other renewable energy options (see Table 3.1) is much higher than 
the current sale price of electricity in Ontario of approximately $0.04 per kWh. 

 
Instead of increasing revenues, an AD could become financially feasible if costs are 

reduced. For farms with 200 cows, the capital costs would have to be 54% of the present 
investment total in order for an AD to be feasible. This drops to 88% of the assumed capital cost 
for a 600 cow herd which demonstrates the existence of size economies as discussed earlier in 
terms of Figures 2-5. Improving electrical efficiency from the base of 32% (or 35% for larger 
systems) can also make an AD financially feasible but the technological improvements required 
are only possible for the situations with above 400 cows. Adjusting maintenance costs does not 
have as a significant effect as the previous variables since repair costs represent a relatively 
small share of total costs for the AD.  
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To measure the effect changes in the cost of managing off farm material or the introduction 

of tipping fees, which is revenue received for taking these wastes from off-farm locations, 2000 
cubic meters of FOG, was added to the base system. This variable has a more significant effect 
then maintenance costs but less then electricity prices and investment costs for the smaller 
systems, 50, 100 and 200 cows available and lower for the larger sized systems, 400 and 600 
cows available. This is because as the system’s electrical capacity reaches the threshold value 
of 250kW, the FIT price drops from $0.189/kWh-$0.164/kWh, thus reducing the amount of 
revenue generated per ton of off farm material from the increased electricity production.  

 
Rather than increase the electricity price directly, revenues could be enhanced for an AD 

through the capture of carbon that could be sold to emitters required to reduce their pollutant 
levels. A carbon credit market creates value for the environmental benefits associated with AD 
technology. Since Ontario currently does not have a carbon exchange market, the base value 
for a carbon credit of $15 per ton of CO2 Eq. is taken from the price ceiling used in Alberta. The 
amount of CO2 Eq. reduced per dairy cow through the use of an AD rather than a conventional 
manure management system has been estimated by Jayasundara et al. (2011) to be 1.21 tons 
CO2 Eq. per dairy cow.  

 
The existence of a carbon exchange market would likely only encourage AD investment for 

dairy farms larger than 400 cows would be adequately encouraged to decide to invest today. 
The breakeven carbon credit prices for dairy farms with 400 cows and 600 cows are $35.62/ton 
of CO2 Eq. and $1.91/ton of CO2 Eq. respectively. Given the carbon price of $15/ton of CO2 
Eq. in Alberta (2012) and $9.31/ton of CO2 Eq. in Europe (Intercontinental Exchange, 2012) the 
additional revenue from an AD through carbon sales, would be a bonus for the largest farms but 
not sufficient to cover losses for most large commercial dairy farms in Ontario. However, 
recognizing the environmental benefits of an AD through payments on the reductions in GHG 
may be an alternative means to support AD adoption rather than directly through the electricity 
price. 

 
3.4 Conclusions 
 
This research has developed a workbook for assessing the financial feasibility of farm-based 
anaerobic digesters (ADs). It is available at (site to be disclosed later upon acceptance). The 
design of an AD systems varies by farm, and each farm in turn is unique. Thus, the financial 
feasibility of an AD will vary by site and the workbook allows potential investors to input the 
technical and financial variables specific to their situation. The decision making tool identifies 
the major parameters affecting the returns to an AD and the sensitivity of the assumption to 
changes in the value of those parameters. The tool can be used by not only potential investors 
but also by those evaluating renewable energy policies and funding opportunities to support the 
biogas industry. 
 

The application of the workbook for the Ontario livestock sector demonstrates its 
usefulness. Investment in an AD is financially feasible only for the largest dairy farms in Ontario 
under current electricity prices, which are approximately six times greater than the wholesale 
price. Shifting to a duel fuel continuous system would improve returns, as would the availability 
of additional substrate material in the form of solid grease and vegetative waste. Reductions in 
capital cost and improvements in the efficiency of the technology are probable given the 
relatively infant status of the biogas sector but these future enhancements would likely only alter 
the investment decisions for large commercial dairy farms. The results are supported by the 
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current situation in Ontario where only 10 large dairy farms have invested in an AD and the 
investment has taken place with financial assistance from the government.  
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3.5. Tables and Figures 
 

Table 3.1, Feed-in-Tariff (FIT) prices for renewable energy projects in Ontario, 2011 

Renewable 
Fuel 

Size Ranges Contract 
Price 

$/kWh 

Max. Community 
Price Adder $/kWh 

Escalation 
Percentage 

Biogas (On-
Farm) 

≤ 100 kW 0.195 0.004 20% 

 > 100 kW ≤ 250 kW 0.185 0.004 20% 
 

     

Biogas ≤ 500 kW 0.160 0.004 20% 

 > 500 kW≤ 10 MW 0.147 0.004 20% 

 > 10 MW 0.104 0.004 20% 
 

     

Biomass ≤ 10 MW 0.138 0.004 20% 

 > 10 MW 0.130 0.004 20% 

     

Waterpower ≤10MW 0.131 0.006 20% 

 >10MW≤50MW 0.122 0.006 20% 

     

Landfill gas ≤ 10 MW 0.111 0.004 20% 

 
 

> 10 MW 0.103 0.004 20% 

     

Solar PV 
(Rooftop) 

≤ 10 kW 0.802 0.000 0% 

 >10 kW ≤ 250 kW 0.713 0.000 0% 

 > 250 kW ≤ 500 kW 0.635 0.000 0% 

 > 500 kW 0.539 0.000 0% 

Solar PV 
(Ground) 
Mounted) 

≤ 10 MW 0.443 0.010 0% 

     

Wind (Onshore) Any size 0.135 0.010 20% 
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Table 3.2, adjusted net present value (ANPV)a for alternative anaerobic digester systems 
by dairy farm size 

 Dairy Farm Size (Cows) 

AD System 50 100 200 400 600 

Base -343,190 -292,383 -212,395 -158,865 -22,790 

System Type      

Single Fuel Peak -330,059 -266,384 -227,588 -366,789 -333,445 

Dual Fuel 

Continuous 

-301,566 -209,362 -61,866 132,078 417,273 

Dual Fuel Peak -284,782 -215,970 -82,042 -123,601 -212,353 

Bio-Methane -316,308 -239,860 -104,525 175,327 493,228 

Substrate      

+ Corn Silage -837,484 -799,630 -718,087 -541,621 -814,850 

+ Solid Vegetation -330,300 -286,637 -215,406 -155,149 -7,412 

+ Solid Grease -69,797 -33,986 42,793 -249,029 -193,596 

+ Liquid Vegetation -437,859 -399,046 -323,369 -208,102 -104,168 

+ Liquid Grease -244,637 -211,962 -142,585 -586,909 -261,281 

System Efficiency      

Low Biological -360,020 -326,044 -276,476 -239,250 -136,566 

High Biological -326,359 -258,722 -150,272 8,997 239,255 

Low Electrical -350,337 -306,677 -234,113 -158,865 -22,790 

High Electrical -336,043 -278,089 -191,124 -68,176 130,497 

a ANPV is the sum of the discounted, after tax and financing ,cash flows of the investment; when no     

financing occurs the ANPV is equal to the net present value. 
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Table 3.3, break even (BE) values of prices and costs and their % change from the base value by dairy farm size 

 Dairy Farm Size (Cows) 

Parameter 50 100 200 400 600 

Electricity Price ($/kWh) 0.498 (163%) 0.330 (74%) 0.249 (32%) 0.208a (27%) 0.192a (17%) 

Investment Cost Adjuster (%) -9 (-109%) 22 (-78%) 54 (-45%) 72 (-28%) 88% (-12%) 

Electrical Engine Efficiency (%) 271 (747%) 141 (340%) 77 (140%) 44b (26%) 33b (-6%) 

Maintenance Cost Adjuster(%) -176 (-276%) -92 (-192%) -3 (-103%) 52 (-48%) 97 (-3%) 

Carbon Credit Pricec 

($ / ton of CO2 Eq.) 

598 (3,888%) 

 

259 (1,630%) 

 

97.76 (552%)  35.62 (137%) $1.91 (-87%) 

 

Net Benefit of Acquiring Off-Farm 

Materials ($/ton) 

5.72 (172%) 3.94 (149%) 0.08 (101%) 10.46 (231%) 6.80 (185%) 

a Uses base FIT contract price of $0.164/kWh instead of $0.189/kWh due to the increase in electricity generation capacity. 
bUses base electrical engine efficiency of 35% instead of 32% due to the increase in electricity generation capacity. 
c Assumes $15/ton of CO2 eq. as the base price for carbon credits. 

 



 

 

Figure 3.1, Adjusted Net Present Value (ANPV) of an anaerobic digester by dairy farm 
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Figure 3.2, Adjusted Net Present Value (ANPV) of an anaerobic digester by Beef Farm 
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Figure 3.3, Adjusted Net Present Value (ANPV) of an anaerobic digester by Swine Farm 
Size  
 

Figure 3.4, Adjusted Net Present Value (ANPV) of an anaerobic digester by Broiler Farm 
Size  
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CHAPTER 4: A REAL OPTIONS APPROACH FOR THE INVESTMENT DECSIONS OF A 
FARM-BASED ANAEROBIC DIGESTER  

4.0 Background 

Anaerobic digesters (ADs) involve large financial commitments with uncertain returns as both 
income and costs are not known at the time of investment. The typical approach to analyzing 
such an investment is through calculation of its expected net present value. Future annual 
revenue and expenses are predicted, discounted and compared to the current investment cost 
with adjustments for risk through simulation of alternative parameters or increasing the discount 
rate. This is the approach used in most other studies assessing the financial feasibility of ADs 
(i.e. Lazarus and Rudstrom 2007, Bishop and Shumway 2009).  
 

The problem with the net present value (NPV) approach is that it does not properly account 
for strategic opportunities presented by the investment (Schwartz and Trigeorgis 2001). NPV 
assumes either the investment is reversible or that the decision to invest in a project must be 
made today or never at all. In reality, most capital projects are irreversible with the level of 
returns depending on when the investment is made and the future opportunities made available 
through the investment. An irreversible investment is like a financial call option that provides the 
investor with the right to an asset that potentially has value in the future for a price or investment 
today (Schwartz and Trigeorgis 2001). This option might not be used or it may be exercised, 
which is irreversible. The value of the investment is the net present value plus the value of 
future growth opportunities. Projects that create options, such as investments in research and 
development, create potentially significant returns and would be valued significantly more than 
net present value would suggest. In contrast, projects that reduce flexibility by exercising 
options and committing resources to irreversible uses, such as building a specific plant, are 
valued less than that suggested by NPV (Schwartz and Trigeorgis 2001).  

 
The real options approach to investment analysis captures the value of opportunities 

associated with strategic decisions associated with the investment. An options-based, expanded 
net present value approach includes the traditional, static net present value but also the option 
premium associated with the flexibility to adapt and revise later decisions with the investment 
(Schwartz and Trigeorgis 2001). There is value to the ability to expand, cut-back, temporarily 
shut-down and defer that are captured within the real options approach. In the case of an AD, 
there is an opportunity to defer investment and this option value may be large enough to offset a 
positive NPV if the uncertainty surrounding net returns is large enough and/or the time to defer 
is long enough. Stokes et al. (2008) find the option to delay investment in an AD has value and 
this value decreases with increases in the price of electricity and the amount of electricity 
generated by the AD. Given this value of deferring, significant public funds are required to 
induce investment today in an AD. Maung and Foster (2002) use a real options approach to 
analyze the impact of alternative marketing contracts on the decision to invest in hog facilities 
and find the option values from the value of waiting to invest and choosing between the different 
contracts is between 20% and 36% of the initial investment.  

 
The purpose of this chapter is to assess the profitability of ADs for Ontario dairy farmers 

under current and proposed government pricing policies and investment uncertainty using the 
theory of real options. In the case of an AD with large sunk costs and volatile returns, the value 
of deferring investment may be significant enough to offset the returns suggested by the net 
present value approach. Thus, the values for major revenue parameters (i.e. electricity price, 
system efficiency) may be higher than the break-even values suggested by the NPV. The value 
of the option to delay investment represents the amount that the investor needs to be paid in 
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order for the investment to take place today. The real options framework used by Stokes et al. 
(2008) to evaluate an AD is modified from an infinite expiration period to one with a finite but 
uncertain expiration date, which reflects the uncertainty surrounding the current support 
program for AD investment. The next part of the chapter presents the real options approach 
accounting for the value to defer investment. The empirical model used to generate net returns 
is then described along with the base assumptions regarding volatility and distribution of 
stochastic parameters. The results of the real options analysis are then presented including a 
comparison with the results of the NPV and the impacts of Ontario’s new pricing policy for 
renewable energy.  
 
4.1 Real Options Framework 
 
The net present value (NPV) approach to investment analysis calculates the annual net 
operating flows for each period (R) discounted for the opportunity cost of funds by r and deducts 
the initial cost of the investment, C. Assuming an infinite planning horizon, investment is justified 
if the net value of the project denoted by V (V= (R/r)- C) is positive which occurs when the 
discounted annual returns are greater than the installation costs ((R/r)> C). The value of the 
investment will increase with annual returns as illustrated in Figure 4.1 by the line –CA. The 
intercept indicates that the value of the project will be equal to the negative of the investment 
cost (-C) if there are no revenues (R=0) and will increase with R. The slope of the line –CA is 
equal to the discount rate. The level of R that will justify investment (NPV=0) is given by M in 
Figure 4.1 where M = rC. 
 

The NPV evaluation involves investing today if the value of the project is greater than the 
investment cost or else not at all but it ignores the possibility of deferring the decision. However, 
firms can delay the decision to invest in an AD and can use those funds allocated to purchase 
the AD for another purpose. If there is a chance to wait, the net worth of waiting a period to 
invest may be greater than the net worth today. The ability to wait for investment can be viewed 
in terms of a call option on an underlying asset (Dixit and Pindyck 1994). The investor can avoid 
the downside risk and let the option expire or it can exercise the option if the upside potential is 
realized.  

 
The strategic investment value associated with having the ability to defer denoted by F(V) is 

given by the line w1w2 in Figure 4.1. For revenues below M, it is not feasible to invest regardless 
of the decision criteria. For revenues between M and H, the value to deferring investment is 
greater than the returns from investing today. If R increases sufficiently to a trigger level of H, it 
will not pay to wait and the firm should invest today.  

 
To determine the trigger value that will justify installing an AD, assume both the value of the 

option to wait and R are stochastic since technology improvements might change investment 
costs while policies and markets as well as technology might alter the net returns to an AD 
investment. The expected future net cash flows of the investment will vary depending on the 
time period t in which the AD is installed, R(t). R(0) is the present value of net returns at the 
initial time period used in the NPV analysis. The net present value of the investment in period t 
is given by V(t)=R(t)-C(t). The cost of the AD will also vary depending on the date is installed, 
C(t). Once installed, the AD investment is irreversible, as it cannot be used for another purpose 
on the dairy farm. 

 
Following Dixit and Pindyck (1994), it is assumed that V follows a geometric Brownian 

motion with drift µ and diffusion σ so that 
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��� �
�� � �  μ#$ �  % #&�$�.           (4.1) 

 
and z is a standard Weiner process. While the firm knows the value of the investment if it 
installs an AD today (V(0)), the net present value will be different if it is built in the future. Dixit 
and Pindyck (1994) show that Brownian motion given by (4.1) can also be written as an Ito 
process: 

 
 #	 � (�	, $�#$ � *+�	, $�#&,        (4.2) 

 
where a(x,t) and b(x,t) are known functions with a(x,t) the expected instantaneous drift rate, and 
b2(x,t) the instantaneous variance rate. 

 
Since an AD provides intermediate cash flows like a stock pays dividends, the diffusion of 

net returns over time can be re-written as  
 ��� �

�� � �  �, 
 -� #$ �  % #&�$�         (4.3) 
 
where α is the expect rate of return (including a risk premium) from the AD and δ is the payout 
rate of the investment or the opportunity cost of delaying investment (Stokes et al. 2008). The 
expected rate of capital gain on the investment is the expected return less the payout rate. The 
future returns to the AD are stochastic and lognormally distributed due to the last term in (4.3). 
Stokes et al. (2008) define dz(t) as a Q-Brownian motion with mean zero and independent 
increments having an instantaneous variance equal to dt. Q is the probability measure for the 
Brownian motion z and is a natural measure.    

 
The strategic value of investing (F(V)) includes both the net present value of net returns (V) 

plus the value of the option to delay. Given V follows a geometric Brownian motion, Ito’s lemma 
can be applied to obtain the following differential equation for the value of the option to invest,  

dF=./0
/� �, 
 -�1 � /20

/� � 32�2
+ �4 #$ � %1#&       (4.4) 

 
The value of waiting can be determined by equating the expected capital gain of investing 

given by (4.4) should be equal to the normal return 56#$. The Bellman equation can be used to 
show that 

 56#$ � 7�#6�,          (4.5) 
 
where 5 is the exogenous instantaneous rate of return. Thus, a condition for optimality is that 
the return on the opportunity to invest 56 over the time interval dt (left-hand side of (4.5)) must 
equal the expected rate of capital appreciation (E(dF)). Plugging (4.5) into (4.4) results in the 
following second-order differential equation that indicates the value of the option to invest F(V), 

 

 �, 
 -� /0
/� 1 � �32�2�

+
/20
/�2 
 56=0.        (4.6) 

 
The boundary conditions for the value of the investment opportunity given by (4.6) are 

 6�0�  � 0,            (4.7)  6�1�� �  1� 
  9 (:#          (4.8) 
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 /0
/� |�<�� � 1,           (4.9) 

 
The first boundary condition (4.7) says that the value of the option to invest is zero if the project 
has no value (V=0). The second boundary condition (4.8) is the value matching condition which 
states that investment takes place if the opportunity cost of making the investment is equal to 
value of the of the project less the investment cost (V*- C ) (Dixit and Pindyck, 1994). The final 
boundary condition (4.9) is the “smooth-pasting” condition so that the change in the value of 
waiting from changes in the annual net returns is equal to the change in the value of investing 
now. This point of tangency occurs at the critical exercise point V* at which the value of waiting 
falls to zero (Dixit and Pindyck, 1994).  

 
Before deriving the solution to (4.6), we replace the firm-specific rate of return (,) with the 

risk-free rate (r) in (4.6) using a process outlined by Stokes et al. (2008) who note that “…the 
economy is sufficiently complete so that stochastic changes in V are spanned by existing assets 
in the economy” (pg.667). Dixit and Pindyck (1994) show that the solution to the differential 
equation (4.6) subject to the boundary equations is: 

   

F(V)=> ?1@
 1 
 9     A  1    A  1 BC 1�

1� D         (4.10) 
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@��� 9, ? � �@���EF�

@EGEF� , and K � �
+ 
 L�M

32 �  N�L�M
32 
 �

+�+ � +L
32 

 

The value of waiting, ?1@, is greater than the value of investing now given by the value of the 
NPV for values of the project less than V*. The strategic value of the investment consists of both 
the NPV and the value of the option to defer, which is positive for V< V* (Stokes et al. 2008). If 
the value of the AD investment is greater than V*, then the optimal decision is to install the AD 
immediately and the strategic value is simply the NPV given by V(t)=R(t)-C(t) since the option to 
delay has no value. Increases in V(R) will decrease the value of the option to defer. Note that 
there are discounted revenues in Figure 4.1 for which the NPV is positive (M<R<H) but 
investment should still be delayed since the option to defer has value. Schwartz and Trigeorgis 

(2001) note that the curve ?1@ does not refer to the value of waiting when R>H since it would 
great a pure speculative bubble in which no actual investment would ever occur.  

  
At the trigger value of H, the “smooth-pasting” condition (equation 4.9) equates the change 

in the value of waiting (K?O@��� to the change in the value of investing now (1/r). Schwartz and 
Trigeorgis (200)1use this condition to obtain the optimal investment trigger 

   O �  @
@�� P9.          (4.11) 

 
 The trigger to invest under the NPV rule was M=rC. Thus, the trigger to require investment 

has increased by the factor 
@

@�� due to uncertainty. The discount rate can be modified in terms of 

a correction to account for the value of waiting so that investment occurs when H= r’C where the 
hurdle rate r’ is 

   PQ �  @
@�� P.           (4.12) 
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Dixit and Pindyck (1994) refer to r’ as the option value multiple. Rather than adjust the discount 
rate, the cost of investment could be modified to account for the value of waiting. Investment will 
occur when the discounted net returns (R/r) is equal to the full cost of investing immediately, 
which is the cost of installation (C) plus the opportunity cost or the loss of the option to wait 

(?1@) Schwartz and Trigeorgis (2001). 
 
The size of the option value multiple depends on the value of the parameter β, which is 

inversely affected by uncertainty and positively correlated with the discount rate (Schwartz and 
Trigeorgis 2001). Increases in the variance of expected returns (%+) lower the value of β and 
subsequently increases the value of waiting. Thus, the difference between the NPV valuation of 
the investment (M) and the optimal trigger value (H) increases (Tozer and Stokes 2009). 
Increasing the uncertainty raises the potential value of the project but it also increases the level 
of returns at which it is optimal to invest. In contrast, increasing the discount rate decreases H. 
An increase in r lowers the value of the project in total as does the opportunity cost of waiting, 
but the former dominates and β increases or H falls. 

 
As aforementioned, the lower line of the solution is just the NPV of the investment meaning 

the option to delay has no value. To incorporate an expected expiration period for the option to 
defer a Poisson jump process dq is added to the stochastic process found in equation (4.6) 
which makes: 

 

 
��� �
�� �  = (r-δ)dt+ σ dw(t)+dq         (4.13) 

 

Where dq=> 
1 RS$T UPV*(*SWS$X Y#$           0 RS$T UPV*(*SWS$X 1 
 Y#$D     
 
Now, by using the Bellman equation it is shown that the value of investment opportunity is still 
rFdt = E(dF) which gives: 

 

�α 
 δ� /0
/� 16\ � �]2�2�

+
/20
/�2 
 �P � Y�6=0        (4.14) 

 
The same boundary conditions apply to (4.10) as did for (4.3) and (4.7) but equation (4.10) 
gives an option value that now will expire at an uncertain period. The solution to equation (4.10) 
is taken from Dixit and Pindyck (1994), which is: 
 

F(V)=> ?1@
 1 
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1� D         (4.15) 
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The solution used by Stokes et al. (2008), shown in equation (4.10), is very similar to our 
solution found in equation (4.15) which has the Poisson jump process included that causes the 
value of the option to defer to drop to zero at an uncertain period. The only difference between 
the two solutions is that the Poisson parameter Y is added to the risk free interest rate in the 
constant term in our solution. This uncertain expiration period has been included to simulate the 
effect of policy changes by government, since as described above, it is clear that without 
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government support farm-based ADs are not financially feasible and can occur at any time with 
no certainty as to when.  

 
4.2 Empirical Model 
 

A capital budget model is used to determine V and C, which are the discounted annual net 
returns to the investment and the capital cost respectively. An Excel-based workbook was 
developed to estimate the amount of electricity generated and financial feasibility of an AD for 
an individual farm situation. Inputs into the model include technical factors such as the number 
and type of livestock, amount of substrate added to the AD, and the type of AD (i.e. single 
versus dual fuel system, capacity). Our base model assumes a dairy herd with either 150 or 600 
cows using a single fuel capacity system with no additional substrate included. Additional 
information required includes financial parameters such as interest rate, inflation rate, and repair 
costs. A list of assumed values for some of the technical and financial parameters used in the 
base capital budget model are listed in Table 4.1. 

 
A key financial parameter that determines the financial feasibility of an AD is the selling 

price for electricity. The Ontario government provides a subsidized output price from renewable 
energy sources (Feed-in-Tariff (FIT) Program) through its Green Energy Act of 2009. While 
wholesale electricity price is approximately $0.02/kWh per Kwh, electricity prices for renewable 
energy range from $0.81/kWh for solar to $0.16/kWh for wind. Farm-based ADs receive 
$0.0.269/Kwh during peak demand times and $0.179/kWh during non-peak periods. In addition 
to the current program, we assess the new FIT pricing schedule that was announced on March 
27th, 2012. One change is an increase of $0.001/kWh from the current $0.004/kWh to the 
community price adder. The more dramatic change is the rate at which the total price increases 
relative to inflation; this increases from 20% to 50% of the inflation rate. 

 
The financial information in the capital budget model is used to determine the operating and 

capital costs along with yearly net revenues of the AD investment based on the electrical 
generation capacity as determined by the input parameter values. After-tax net cash flows for a 
period of twenty years, which is the typical length of a feed-in-tariff (FIT) contract, are estimated 
from the model and compared to the initial capital costs. Further details on the workbook and 
the financial feasibility of an AD using the net present value approach under alternative 
scenarios are provided in authors. 

 
4.2.1 Option Value 
The values for the parameters of equation (4.15) must be specified in order to evaluate the AD 
investments with the option to defer that expires within an uncertain period. The risk-free rate (r) 
is assumed to be the interest rate of a three-month Canadian government treasury bill has been 
used. Estimating σ, which is the volatility of the project, and -, which is the payout rate of 
investment, requires more sophisticated methods. One method of estimating these values is 
through the use of a stochastic simulation of the capital budget model. The approach requires 
assigning probability distributions to the stochastic variables and then multiple simulations are 
run with values for these uncertain variables randomly drawn based on the probability 
distributions assigned to them.  

 
 The stochastic variables in the model and their assumed distributions are given in Table 

4.2. Correlations among the uncertain variables are assumed to be zero except between the 
adjuster for capital cost of anaerobic digester systems and the adjuster for operating costs; and 
the annual interest rate on loans and the expected rate of inflation. For these two sets of 
correlations, a normal bivariate copula has been applied with a covariance of 80% and 35% 



 

 

57 

 

respectively. The first of these measurements is an assumed value as the data needed to 
estimate it does not currently exist. The covariance of the interest rate on loans and the 
expected rate of inflation is estimated using monthly data on these two parameters, spanning 
from May 2002 to April 2012 (Bank of Canada, 2012) 

 
 The δ is estimated by taking the mean value of V divided by the mean capital cost (C), 

which are both generated by the stochastic simulations. This method of measuring δ means that 
as the discount rate increases, the payout rate of the project δ decreases. A range of 0% to 
10% was chosen for the discount rate to find the range in δ that would be produced. 

 
The AD investment’s volatility, σ, is measured using the cash flows generated by a capital 

budget model via equation (4.16)  
  

% � 1(P _��`ab���c���`de�� ���f��`ab���c���`de�� g
h  i          (4.16)  

 
Where Dr is the discount rate, Vp is a volatility premium rate. By measuring the volatility in 

this manner the cash flows in later years are both discounted to account for the decrease in 
cash flow’s present value and given a premium to account for the decrease in certainty of its 
prediction.  

 
To show how different values of D and VP will affect the value of the option to delay and the 

threshold value to invest V*, a range of -10 to 10 for the values VP-D were implemented into the 
stochastic analysis. The resulting ranges of σ along with the ranges of δ from the different 
discount rates mentioned before are given in Table 4.3.   

 
The last variable needed is the Poisson parameter Y. While Y could be assigned a value, 

what is of real interest is the expected length of time, ε(T), that the value of Y creates before the 
option expires. ε(T) can be determined by knowing that the probability that the expiration of this 

option will occur in the interval (0,T) is j�^k. This means that the probability that it will expire in 

the interval (T, T+dT) is j�^kY#l thus ε(T) is equal to:  
 

ε(T)=m Y lj�^k#l � �
^

n�           (4.17)  

 
 Once these six variables are found, they can then be entered into β, which when plugged 

into equation (4.15), first allows for the determination of, if the option to delay has value (i.e. 
V<V*) and, if so, what its value is by subtracting the NPV from AVβ. 

 
4.3 Results 

 
The net present value of an AD for a 150 cow and 600 cow Ontario dairy herd are given in 
Table 4.3 for current and future FIT pricing. The AD is not financially feasible for the smaller 
herd size for either pricing system. Note that the average herd size is approximately 75 cows in 
Ontario and that 150 cows is a typical large commercial farm. The NPV is slightly negative with 
600 cows under the current program (-$12,171) but is profitable under the enhanced FIT pricing 
schedule ($193,482). The transition in NPV between the 150 and 600 herd sizes is not 
continuous as there are decreases in the FIT price depending upon the capacity of the AD. 
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The discounted net revenues (V) necessary to make an AD financially feasible for a 150 
cow herd is $488,241. The straight line in Figure 4.2 gives the relationship between V and the 
net present value. It intersects the y-axis at the capital cost of the AD (-C) and intersects the x-
axis where the NPV is 0 (V=C=$488,241). Increases in revenue increase the NPV with the rate 
of increase equal to the discount rate. 
 

The changes in FIT price and capital cost of the AD on its NPV are given in Table 4.4. The 
base case of the current FIT price and no grant for instillation results in the NPV of                      
-$247,775 given in Table 4.3. Increases in FIT price and decreases in the AD’s purchase price 
(C) increases the NPV. The AD is financially feasible for a 150 cow herd in the FIT price 
increases by approximately 30% or if C drops by 45%.    
 
4.3.1 Option Value 

The value of waiting (?1@) and the subsequent value of the ability to defer investment (F) is also 
illustrated in Figure 4.2 for a 150 cow herd. The value of waiting is 0 when there are no 
revenues but increases with V. The increase is not linear and increases at a rate less than the 
discount rate (slope of the increase in NPV). When the incremental change in waiting is equal to 
the incremental change in the value of investing today (smooth pasting condition satisfied), then 
option should be exercised and the investment made. The discounted net revenues should be 
equal to $1,180,000 (V*) before the AD is installed using the real options approach as compared 
to $488,241 (V) with the NPV approach. The potential opportunity for future increases in the 
revenue from higher electrical output through technological improvements or decreases in the 
purchase price (C) require that the revenues today must be higher than that suggested by the 
traditional NPV.  
 

The trigger value and option value for alternative FIT prices and installation costs are given 
in Table 4.4, when there are no grants provided and the adjuster for the FIT price is equal to 
100%, the option value equals $376,837. This indicates that, in order for an investor in Ontario 
who has a dairy farm with 150 dairy cows, the investor will need to be provided with almost 
$400,000 dollars in grant funding to be encouraged enough to invest in an AD today.  

 
The effects of alternative payout rates and volatility levels on the trigger value to invest 

today and the value of the option to wait are given in Table 4.5. Option values increase as 
volatility increases and decrease as the payout rate increases. Higher volatility makes the 
outcome of an investment less certain and thus less attractive to invest today. In contrast, 
higher payout rates mean higher opportunity costs in delaying investment making it more 
attractive to invest today.  

 
Each combination in Table 4.5 has different estimated volatilities σ and payout rate of the 

investment (δ), found by averaging the values generated in the simulations. It can be seen in 
Table 4.5 that even when NPV is positive there can still be value for the option to delay, which is 
consistent with real options theory. This is because a positive NPV is a necessary condition but 
not always sufficient in order for an investment to occur today. An example of this can be seen 
in Table 4.5 when the grant percentage is 50% and the FIT price adjuster is equal to 120%, the 
NPV equals $168,530 and the value of the option is equal to $101,077. Figure 4.3, shows for an 
Ontario dairy farm with 150, cows the value of an option to differ an AD investment plotted over 
the expected length of time before the option to defer expires ε(T), which as discussed before is 
the inverse of the Poisson parameter, Y. The values of ε(T) that are plotted include 4, 8, 12, 16 
and 20 years. These values were chosen to show how the effect that changes in ε(T) have on 
the value of the option. It is shown that the value of the option increases as ε(T) increases but at 
a decreasing rate, indicating that increases from short expiration periods have more significant 
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impact on the value of an option to defer then increases from longer expiration periods. For 
example, the change in the value of the option to defer from 4 years to 8 years is $39,554 and 
the difference between 16 years and 20 years is only $7,603. The value of the option with 
additional expected expiration length increases but at a decreasing rate this is due to the larger 
discounting of the project’s worth the farther into the future one waits.  

 
4.4 Conclusion 
 
Investing in an AD is a very complex and difficult capital investment to make. This combined 
with the large amounts of uncertainty about the value of the completed project make the NPV 
method an inadequate approach to properly evaluate the value of an AD investment in Ontario. 
The results show that although a longer expected expiration time for the option to differ causes 
value of the option itself to be larger, this effect decreases as the expected expiration periods 
get larger. The fact that the option to delay investment has a value of $376,837 for a typical 
dairy farm in Ontario indicates that either significant grant funding or higher FIT rates are 
required to induce the increased adoption of AD technology in Ontario today.  
 
4.5 Tables and Figures  
 
Table 4.1. Financial and Operation Variables and their Assumed Values 

Variables Value 

Expected capacity factor for first year of 
operation 

50.00% 

Expected capacity factor for all remaining 
years of Operation 

85.57% 

Amount of electricity used to operate the 
plant 

7.50% of  total electricity produced 

Length of time before corrective 
maintenance occurs 

1 Year 

Expected cost to moving manure to 
digester  

1.00 $/ton 

Loan interest rate 6% 

Inflation rate 3.1% 

Energy import cost 0.16 $/kWh 

Feed-in-tariff Price 0.185 $/kWh  
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Table 4.2. Uncertainty assumptions for the capital budgeting model of anaerobic digester 
(AD) investment 

Variable Distribution 
Adjuster for capital cost of AD systems
  

Uniform; Min=80%, Max=120% 

Adjuster for engine efficiency Uniform; Min=90%, Max=110% 

Adjuster for operating costs Uniform; Min=90%, Max=110% 

Adjuster for costs from off farm material Uniform; Min=90%, Max=110% 

Adjuster for repair and maintenance costs Uniform; Min=90%, Max=110% 

Expected capacity factor for first year of 
operation 

Triangular; Min=40%, M. Likely=50% 
Max=60% 

Expected capacity factor for all remaining 
years of operation 

Triangular; Min=75%, M. Likely=85% 
Max=95% 

Annual interest rate on loans Lognormal; Mean=6%, Std. Dev.= 2% 

Amount of electricity used to operate the 
plant 

Lognormal; Mean=7.5%, Std. Dev.= 1% 

Expected rate of inflation Uniform; Min=2%, Max=4% 
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Table 4.3, net present values of an anaerobic digester (AD) for two Ontario dairy farms (150 cows and 600 cows) under 
current and proposed Feed-in-Tariff pricing. 
 

 Herd Size (cows) 

Feed-in-Tariff pricing 150 600 

Old  -247,775 -12,171 

New  -189,453 193,842 
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Table 4.4, option values and trigger values (V*) for anaerobic digester investment under alternative drifts and volatilities on 
an Ontario dairy farm with 150 cows with an expected expiration date for the option to differ of 8 years (NPV= -$217,445.73) 

 
Payout rate 

Volatility rate 
10% 15% 20% 25% 30% 35% 

6.1% 

V* 

Option Value 

$2,930,949 

$357,922 

$3,008,605 

$360,011 

$3,085,560 

$362,007.44 

$3,161,883 

$363,918 

$3,237,632 

$365,751 

$3,312,857 

$367,511 

5.1% 

V* 

Option Value 

$3,095,722 

$362,266 

$3,177,016 

$364,289 

$3,257,626 

$366,224 

$3,337,617 

$368,078 

$3,417,047 

$369,856 

$3,495,962 

$371,565 

4.1% 

V* 

Option Value 

$3,280,384 

$366,759 

$3,365,766 

$368,715 

$3,450,481 

$370,587 

$3,534,592 

$372,381 

$3,618,152 

$374,103 

$3,701,208 

$375,757 

3.1% 

V* 

Option Value 

$3,488,759 

$371,412 

$3,578,766 

$373,299 

$3,668,124 

$375,105 

$3,756,891 

$376,837 

$3,845,117 

$378,500 

$3,932,850 

$380,099 

2.1% 

V* 

Option Value 

$3,725,717 

$376,236 

$3,820,998 

$378,051 

$3,915,645 

$379,789 

$4,009,715 

$381,457 

$4,103,255 

$383,058 

$4,196,311 

$384,599 

1.1% 

V* 

Option Value 

$3,997,563 

$381,245 

$4,098,908 

$382,985 

$4,199,635 

$384,653 

$4,299,796 

$386,253 

$4,399,440 

$387,791 

$4,498,608 

$389,270 

0.1% 

V* 

Option Value 

$4,312,603 

$386,454 

$4,420,990 

$388,117 

$4,528,774 

$389,711 

$4,636,005 

$391,241 

$4,742,729 

$392,712 

$4,848,986 

$394,127 
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Table 4.5, net present values, option values, and trigger values for anaerobic digester investment an Ontario dairy farm with 
150 cows, under alternative grant percentages and percent adjusted Feed-in Tariff prices  
 

Grant Percentage  
FIT Price Adjuster 

100% 110% 120% 130% 140% 150% 

0% 
 

NPV 

V* 

Option Value 

-$217,445 

$3,756,891 

$376,837 

-$146,982 

$3,525,413 

$349,267 

-$75,402 

$3,454,076 

$325,559 

-$6,859 

$3,321,208 

$301,473 
 

$58,939 

$3,231,263 

$279,917 

$126,102 

$3,145,747 

$258,569 

10% 

NPV 

V* 

Option Value 

-$170,449 

$3,258,354 

$329,904 

-$97,477 

$3,134,083 

$303,920 

-$29,168 

$3,025,267 

$280,334 

$39,922 

$2,953,204 

$258,336 

$111,735.31 

$2,855,648.50 

$235,223.36 

$181,288 

$2,778,164 

$213,335 

20% 

NPV 

V* 

Option Value 

-$120,529 

$2,842,139 

$281,870 

-$48,420 

$2,743,596 

$257,267 

$24,021 

$2,642,406 

$233,239 

$89,897 

$2,562,746 

$212,410 

$157,695.20 

$2,487,240.67 

$191,830.91 

$225,527 

$2,421,882 

$172,470 

30% 

NPV 

V* 

Option Value 

-$70,121 

$2,443,278 

$234,418 

-$2,095 

$2,341,132 

$211,396 

$72,470 

$2,249,770 

$187,634 

$139,319. 

$2,181,135 

$167,614 

$208,217.75 

$2,106,718.99 

$147,519.75 

$275,524 

$2,060,244 

$130,316 

40% 

NPV 

V* 

Option Value 

-$22,683 

$2,061,951 

$189,240 

$47,531 

$1,967,823 

$166,504 

$118,985 

$1,883,707 

$144,6367 

$192,748 

$1,814,793 

$123,840 

$256,797.12 

$1,759,055.66 

$106,849.51 

$323,997 

$1,695,223 

$89,502 

50% 

NPV 

V* 

Option Value 

$26,117 

$1,662,909 

$143,186 

$100,110 

$1,566,930 

$120,109 

$168,530 

$1,506,570 

$101,077 

$239,340 

$1,451,178 

$82,960 

$305,292 

$1,396,487 

$67,016 

$371,907 

$1,349,058 

$52,523 
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Figure 4.1, comparing real options analysis and net present value approach  
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Figure 4.2, values of waiting (���) and investing (NPV) for various amounts of net 
revenue generated by an anaerobic digester investment on a Ontario dairy farm with 150 
cows  
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Figure 4.3, values of an option to differ investment for an Ontario dairy farm with 150 

cows by length of expected expiration period 
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CHAPTER 5: SUMMARY AND RECOMMENDATIONS 
 

5.1 Summary of Purpose and Objectives 
 
The purpose of this thesis was to provide more accurate and detailed economic information on 
the financial feasibility of anaerobic digesters (AD) for Ontario’s livestock industries. The first 
objective of this thesis was to develop a workbook that allows the benefits and costs associated 
with constructing and operating an AD for a specific farm to be quantified. The second objective 
of this thesis was to demonstrate the workbook for Ontario livestock farmers and examine which 
types and sizes of Ontario livestock farms AD technology is financially feasible for under the 
current Ontario conditions; how the technical elements of the system influence the financial 
feasibility of an AD; what are the ranges in farm sizes that this is true for; and which variables 
have the most influence over its economic value. The last objective of this thesis was to assess 
the profitability of ADs for farmers in Ontario under different government policies, and 
investment certainty using the theory of real options.  
  
5.2 Summary of Empirical Results 
 
To evaluate the financial feasibility of an AD investment for Ontario’s livestock industries the 
financial feasibility of an AD for alternative farm types by size are illustrated in Chapter 3, 
measuring the adjusted net present value (ANPV) estimated by the workbook described in 
Chapter 2 for diary, beef, hog, and broiler livestock farms of various sizes. The estimated ANPV 
indicate that dairy farms are the only farm type that can produce feasible investment in Ontario 
when no off farm material is available, with positive ANPV for dairy farms between 616-778 
cows and between 1386-1423 cows. Due to these results, the rest of the analysis conducted 
was done for dairy farms only.  

 
The scenario analysis examined the effect of alternative AD systems, input materials, and 

system efficiency on the financial feasibility of an AD. The system type that had the most 
significant impact on the estimated ANPV was the dual fuel continuous system that generated 
an ANPV of $132,078 on a farm with 400 cows and $417,273 on a farm with 600 cows 
respectively. The scenario analysis also found that the addition of 2000 cubic meters of solid 
grease to a farm with 200 cows available generated an ANPV of $42,793. A farm with 10% 
higher biological efficiency and 400 cows generates an ANPV of $8,996.83 and a farm with 10% 
higher biological efficiency and 600 cows gives an ANPV of $239,255.19. By increasing system 
efficiency, it was found that for a farm with 10% higher biological efficiency and 400 cows, 
generates an ANPV of $8,996 and a farm with 10% higher biological efficiency and 600 cows 
gives an ANPV of $239,255. It was also found that a farm with 600 cows and 10% higher 
electrical efficiency produces an ANPV of $130,497. 

  
The results of the break-even (BE) analysis presented BE values and the percentage 

change from their associated base value for the major revenue and cost parameters. This 
analysis showed that, for a 200 cow dairy herd, a 25% increase in electricity price to $0.249 per 
kWh results in the present value of net annual returns being just equal to the initial investment 
cost. This analysis also found that for farms with 200 cows, the capital costs would have to be 
54% of the present investment total in order for an AD to be feasible and 88% of the assumed 
capital cost for a 600 cow herd which demonstrates the existence of size economies. To 
measure the sensitivity of changes in the cost of managing off farm material or the introduction 
of tipping fees, which is revenue received for taking these wastes from off-farm locations, 2000 
cubic meters of FOG, was added to the base system. It was found that this variable is more 
significant than maintenance costs but less than electricity prices and investment costs for the 
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smaller systems, 50, 100 and 200 cows available and lower for the larger sized systems, 400 
and 600 cows available. Finally it was shown that the existence of a carbon exchange market 
would encourage AD investment for dairy farms larger than 400 cows and the breakeven carbon 
credit prices for dairy farms with 400 cows and 600 cows are $35.62/ton of CO2 Eq. and 
$1.91/ton of CO2 Eq. respectively. 

 
Through the use of real option theory, the value of the option to delay investment of a farm 

based AD was analyzed. The results show that longer expected expiration time for the option to 
differ, the larger the value of the option. However this marginal effect decreases as the expected 
expiration periods get larger. The main conclusion from this analysis indicated that the option to 
delay investment has a value of $376,837 for a typical dairy farm in Ontario indicating that they 
should not invest today unless they received additional net revenue of almost $400,000 in 
present dollars. 

 
5.3 Implications 
 
Shifting to a duel fuel continuous system would improve returns, as would the availability of 
additional substrate material in the form of solid grease waste. Reductions in capital cost and 
improvements in the efficiency of the technology would likely only alter the investment decisions 
for large commercial dairy farms. A 25% increase in electricity price to $0.249 per kWh would 
create significant investments in AD technology for dairy farms with 200 cows or more. A typical 
dairy farm in Ontario needs either significant grant funding or higher FIT rates to induce the 
increased adoption of AD technology today. This thesis can provide policy makers with the 
necessary information needed to encourage the development of farm-based anaerobic 
digestion systems. 

 
5.4 Recommendations for Future Research 
 
Further research needed includes the benchmarking of the workbook used in this analysis to 
anaerobic digestions systems currently operating or under construction in Ontario. This would 
help ensure that the value used to evaluate the Ontario anaerobic digestion investments are 
more accurate and improve the information available for potential investors.  

 
A more in-depth real options analysis could also be conducted. One way to accomplish this 

could be by relaxing some of the major assumptions made in Chapter 4. Two of these 
assumptions could include the risk neutrality of an investor and that the option to defer an 
investment only has an expected time period it expires and not any other scenario such as 
losing half of its value. The solutions to these problems will have to be solved numerically 
however, so this analysis will be much more cumbersome then that which has be presented in 
Chapter 4. A more in-depth real options analysis could also be achieved by including other 
options in the evaluation for a farm-based AD investment. One of these options could include 
the option to invest in professional consultation, to reduce the amount of uncertainty in the 
investment, before deciding to invest or not.  
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Appendix 1: 
Substrate Information Default Values and Sources 

 
 
Appendix 1.1 Corn Silage Substrate Information 

Parameter Default Value 

Yield of  45 tons/ha 
Biogas Yield of  200 m3/ton 
methane content  50 % 

Density of material in bunk  220 kg/m3 
VS of material  95% 

 
Appendix 1.2 Dairy Manure Substrate Information 

Parameter Default Value 
Manure production per cow (+replacement)  46 m3/yr 

Density of Manure  1000 kg/m3 
VS of dairy manure  77% 
Biogas Yield of  450 m3/ton of VS 
methane content  55 % 

  
Appendix 1.3 Swine Manure Substrate Information 

Parameter Default Value 

Manure production per finishing hog space 
1.6 m3/yr 

Density of Manure 1000 kg/m3 
VS of hog manure 77 % 
Biogas Yield of 500 m3/ton of VS 
methane content 60 % 
 

Appendix 1.4 Broiler Manure Substrate Information 
Parameter Default Value  

Manure production per 10000 broiler spaces 
(2.2 kg final size) 

337 m3/yr 

Density of Manure 320 kg/m3 
VS of poultry manure 71.5 % 
Biogas Yield of 450 m3/ton of VS 
methane content 60% 
 

Appendix 1.5 Off Farm Material Energy Production (Grease) Substrate Information 
Parameter Default Value (Liquid) Default Value (Solid) 
Density of Material 1000.0 kg/m3 800.0 kg/m3 
VS of Off Farm Material 90.0 % 90 % 

Biogas Yield of 1219.0  m3/ton of VS 1219.0 m3/ton of VS 
methane content 55.0% 55% 
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Appendix 1.6 Off Farm Material Energy Production (Vegetative) Substrate 
Information 
Parameter Default Value (Liquid) Default Value (Solid) 

Density of Material 1000.0 kg/m3 300.0 kg/m3 

VS of Off Farm Material 90% 90% 

Biogas Yield of 500 m3/ton of VS 500 m3/ton of VS 

methane content 60% 60% 

 
 
 
Appendix 1.7 Beef Feeder Energy Production Substrate Information 
Parameter Default Value (Liquid) Default Value (Solid) 
Manure production per beef 
space 900-1300lb 

12.4 m3/yr 10.34 m3/year 

Density of Manure 1000 kg/m3 833 kg/m3 
VS of beef manure 77 % 72 % 
Biogas Yield of 350  m3/ton of VS 255 m3/ton of VS 
methane content 60% 60% 
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Appendix 2: 

Single Year Calcs. Calculations, Excel Formulas, and Units 

Appendix 2.1 Base Capital Cost Calculations 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 A B C 
4 Electrical Efficiency =('Basic User Inputs'!B42*'Basic 

User Inputs'!B50/100) 
% 

5 Base Generator size  =B102*B4*'Advanced User 
Inputs'!B15/100 

kW 

7 Base Capital Cost =IF(B5=0,0,'Advanced User 
Inputs'!B50+('Advanced User 
Inputs'!B51*'Single Year AD 
Calcs.'!B5)) 

$ 
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Appendix 2.2 Capital Cost Calculations for Continuous Single and Dual Fuel Systems 

and Bio-Methane System 

 A B C D 
9 System Type Single  Dual  

10 Actual Generator 
Size  

=B101 =C101 kW 

11 Difference 
between actual 
and base 
generator size 

=(B10-B5) =(C10-B5) kW 

12 Change in cost 
due to difference 
in generator size  

=B11*'Advanced 
User Inputs'!B9 

=C11*'Advanced User 
Inputs'!B9 

$ 

13 Total Cost of AD 
system 

=(B7+B12)*'Executi
ve Calculations 
'!B43/100 

=(B7+C12)*'Executive 
Calculations '!B43/100 

$ 

14 total capital 
incentive  

=IF('Executive 
Calculations 
'!B15/100*B13>'Exe
cutive Calculations 
'!B16,'Executive 
Calculations 
'!B16,'Executive 
Calculations 
'!B15/100*B13) 

=IF('Executive Calculations 
'!B15/100*C13>'Executive 
Calculations '!B16,'Executive 
Calculations '!B16,'Executive 
Calculations '!B15/100*C13) 

$ 

15 Capital Cost after 
incentive 

=(B13-B14) =C13-C14 $ 

16 Capital Cost after 
incentive for Bio-
Methane System 

=B13*'Executive 
Calculations 
'!B47/100 

$  
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Appendix 2.3 Capital Cost Calculations for Peak Hours Single and Dual Fuel Systems  

 

Appendix 2.4 Corn silage Methane Production Calculations 

 A B C 
29 Total Yield ='Executive Calculations '!B3*'Substrate 

Information'!B4 
tons/yr 

30 Total Biogas 
Yield 

=B29*'Substrate Information'!B5 m3/yr 

31 Methane yield =B30*'Substrate Information'!B6/100 tons/yr 
32 Total DM 

production 
=B29*'Executive Calculations '!D3/100 m3/yr 

33 Volume of Silage =B32/'Substrate Information'!B7*1000 m3/yr 
34 Total VS =B32*'Substrate Information'!B8/100 m3/yr 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 A B C D 
18 Expected cost for 

peak hours of 
operation per 
year (Peak 
system) 

Single Fuel Dual Fuel  

19 Actual Generator 
Size Peak hours 

=B10/((2080*'Advanced 
User 
Inputs'!$B7/100)+920)*B90 

=C10/((2080*'Advanc
ed User 
Inputs'!$B7/100)+920
)*C90 

kW 

20 Difference 
between actual 
and base 
generator size  

=B19-B10 =C19-C10 kW 

21 Change in cost 
due to difference 
in generator size  

=B20*'Advanced User 
Inputs'!B11 

=C20*'Advanced 
User Inputs'!B11 

$ 

22 Capital Cost after 
incentive 

=B13+B21 =C21+C13 $ 

23 Total Extra Heat 
Used 

=B114 =C114 % of 
total 
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Appendix 2.5 Dairy Methane Production 

 A B C 
37 Total volume of manure 

production 
='Substrate 
Information'!B10*'Executive 
Calculations '!B4 

m3/year 

38 Total manure production =B37*'Substrate 
Information'!B11/1000 

ton/year 

39 Total DM production =B38*'Executive 
Calculations '!D4/100 

ton/year 

40 Total VS =B39*'Substrate 
Information'!B12/100 

ton/year 

41 Total Biogas Yield =B40*'Substrate 
Information'!B13 

m3/year 

42 methane yield =B41*'Substrate 
Information'!B14/100 

m3/yr 

 

Appendix 2.6 Cost of Input Materials and Labour 

 A B C 
121 Yield per ac of 

corn silage 
='Substrate Information'!B4/'Advanced 
User Inputs'!B24 ton/ac 

122 
growing cost per 
ton of corn silage 

=('Advanced User 
Inputs'!B27+'Advanced User 
Inputs'!B29)/B121 $/ton 

123 Total Cost per 
year for corn 
silage 

=(B122+'Advanced User 
Inputs'!B30)*B31 $/year 

126 total cost per 
year for manure 

=(B48+B40+C64+B56+C56)*'Advanced 
User Inputs'!B19 $/year 

129 total cost per 
year for off farm 
material 

=(B74+B82+C82+C74)*'Advanced 
User Inputs'!B18 $/year 

132 total cost of 
labour per year 

='Executive Calculations '!B23*B202 $/year 
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Appendix 2.7 Calculations for Digester Storage and System Costs and Total Operating 

Costs 

 A B C D 
134 Digester and 

associated 
storages and 
systems 

Single Fuel Dual Fuel  

135 NRG used in 
plant 

=B102*'Advanced User 
Inputs'!B13/100 

=C102*'Advanced 
User 
Inputs'!B23*'Advan
ced User 
Inputs'!B13/100 

kWh/
y 

136 NRG cost per 
year 

=B135*'Advanced User 
Inputs'!B23 

=C135*'Advanced 
User Inputs'!B23 

$/yr 

137 maintenance of 
pumps,  etc 

=B15*'Advanced User 
Inputs'!B21 

=C15*'Advanced 
User Inputs'!B21 

$/yr 

138 insurance costs ='Advanced User 
Inputs'!B22*'Single Year AD 
Calcs.'!B15 

=C15*'Advanced 
User Inputs'!B22 

$/yr 

139 Preventative 
Maintenance 
Costs and Oils 
and Fluids 

See Appendix   $/kW
h 

140 fuel cost per liter  ='Advanced User 
Inputs'!B12 

$/liter 

141 total fuel cost   =C105*C140 $/yr 
142 total engine 

operating cost 
=B102*B139 =C102*B139+C141 $/yr 

143 Total Digester 
and component 
operating cost 

=B136+B137+B138+B142 =C136+C137+C13
8+C142 

$/yr 

145 Total Operating 
Cost per year 
with continuous 
hours of 
operation 

=B123+B126+B129+B143+B
132 

=(B123+B126+B12
9+C143+B132) 

$/yr 

146 Total Operating 
Cost per year 
with peak hours 
of operation 

=B123+B126+B129+B143+B
132 

=(B123+B126+B12
9+C143+B132) 

$/yr 
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Appendix 2.8 Electrical Return Calculations 

 A B C D 
150 Electrical  Single Fuel Dual Fuel  
151 provincial 

NRG value 
continuous 
hours 

=B227 =C227 $/kWh 

152 provincial 
NRG value 
peak hours 

=B232 =C232 $/kWh 

153 fed NRG 
value 

0 0 $/kWh 

154 other NRG 
values 

0 0 $/kWh 

155 Net 
Electrical 
Return 

=B102*(B151+B153+B154) =C102*(C151+C153+C154) $/yr 

156 Electrical 
Return per 
m3 of 
methane 
produced 

=B155/B90 =C155/C90 $/m3 

157 Net 
Electrical 
Return peak 
hours 

=B102*(B152+B153+B154) =C102*(C152+C153+C154) $/yr 
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Appendix 2.9 Nutrient Value from Silage Calculations 

 A B C 
162 Replacing 

Nutrients in 
Silage Crops ='Advanced User Inputs'!B33 

$/acre 

163 Loss of 
nutrient value ='Advanced User Inputs'!B34 

% 

164 Net Value =B162*(1-B163/100)*'Advanced User Inputs'!B24 $/ha 
165 Net Value per 

year =B164*'Executive Calculations '!B3 
$/year 

166 Additional 
Costs to 
spread 
nutrients ='Advanced User Inputs'!B35 

$/ton 

167 Loss of 
material 
during 
digestion ='Advanced User Inputs'!B36 

% 

168 Total Costs to 
Spread = B31*(1-B167/100)*'Advanced User Inputs'!B35 

$/yr 

169 Net Value of 
Nutrients after 
spreading =B165-B168 

$/yr 
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Appendix 2.10 Value from Manure and Off Farm Material Calculations 

 A B C 
172 Effects on 

Nutrients 
from 
manure 

='Advanced User Inputs'!B37 $ 
 

173 Effects of 
Nutrients 
from off 
farm 

='Advanced User Inputs'!B38 $ 

174 Pathogen 
Reduction 
Value 

='Advanced User Inputs'!B39 $ 

175 loss of dry 
matter to 
spread 

='Advanced User Inputs'!B40 $ 

176 Total 
Volume 
reduction 

=(B41+#REF!+B49+C49+B57+C57+B65+C65)*(B175/100) % 

177 Value of 
Volume 
reduction 

=B176*'Advanced User Inputs'!B35 tons/yr 

178 Net Change 
to Manure 

=B172+B173+B174+B177 $/yr 

179 Net Tipping 
Fees 

=(B74+C74+B82+C82)*'Advanced User Inputs'!B20 $/yr 
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Appendix 2.11 Total Income Calculations 

 A B C D 

180  Single Fuel Dual Fuel  

181 Total Annual 
Income 

=B155+B179+B169+B178+'
Executive Calculations '!B17 

=(C155+B179+B169+B178+'
Executive Calculations '!B17) 

$/yr 

182 Total Annual 
Income peak hours 

=B157+B179+B169+B178+'
Executive Calculations '!B17 

=C157+B179+B169+B178+'
Executive Calculations '!B17 

$/yr 

183 Annual Return 
after yearly costs 

=B181-B145 =C181-C145 $/yr 

184 Annual Return 
after yearly costs 
peak hours 

=B182-B145 =C182-C145 $/yr 

 

 

Appendix 2.12 Schnell Motor Specs and Methane and Diesel Usage Calculations 

 A B V 
196 Electrical Output 250 kW 

197 Heat Output 261 kW 

198 Heat Output/Electrical 
Output 

=B197/B196 ratio 

199 Methane Usage 56 m3/hr 
200 Diesel Usage 2.3 l/hr 

202 Base methane usage 
per kw 

=(B199/B196)/'Executive 
Calculations '!B46*100 

m3/kW 

203 diesel usage per kw =B200/B196 l/kW 

 

 

Appendix 2.13 Digester and Volatile Solid per Day and Year Calculations 

 A B C 
208 Density 1 tons/m3 
209 Wt of material 

per year 
=B31+B40+B48+B56+C56+B64+C6
4+B74+C74+B82+C82 

tons/yr 

210 Volume of 
material per 
year 

=B209/B208 m3/ton 

211 Volume of 
material per 
day 

=B210/365 m3/day 

212 Size of 
Digester 
Required 

=B211*'Executive Calculations '!B33 m3 

215 total VS per 
year 

=B36+B42+B50+B58+C58+C66+B7
6+C76+B84+C84 

tons/yr 

216 total VS per 
day 

=B215/365.25*1000 kg/day 
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Appendix 2.14 Preventative Maintenance and Oils and Fluids Cost per kWh 

Calculation 

 A B D 

139 Preventative 
Maintenance 
Costs and Oils 
and Fluids 

=IF($B5<='Advanced User Inputs'!$A51,'Advanced 
User Inputs'!$D51,IF($B5<='Advanced User 
Inputs'!$A52,'Advanced User Inputs'!$D51+(B5-
'Advanced User Inputs'!$A51)*LINEST('Advanced 
User Inputs'!$D51:$D52,'Advanced User 
Inputs'!$A51:$A52),IF($B5<='Advanced User 
Inputs'!$A53,'Advanced User Inputs'!$D52+(B5-
'Advanced User Inputs'!$A52)*LINEST('Advanced 
User Inputs'!$D52:$D53,'Advanced User 
Inputs'!$A52:$A53),'Advanced User Inputs'!$D53))) 

$/kWh 

 

 

Appendix 2.15 Hours of Labour per Day and Year Calculations 

 A B C 
190 Estimated 

hours of 
labour per 
day for gen 
set in this 
range  

=IF(B5=0,0,IF(B5<='Advanced User 
Inputs'!A66,'Advanced User 
Inputs'!D66,IF(B5<='Advanced User 
Inputs'!A67,'Advanced User Inputs'!D66+(B5-
'Advanced User Inputs'!A66)*LINEST('Advanced User 
Inputs'!D66:D67,'Advanced User 
Inputs'!A66:A67),IF(B5<='Advanced User 
Inputs'!A68,'Advanced User Inputs'!D67+(B5-
'Advanced User Inputs'!A67)*LINEST('Advanced User 
Inputs'!D67:D68,'Advanced User 
Inputs'!A67:A68),IF(B5<='Advanced User 
Inputs'!A69,'Advanced User Inputs'!D68+(B5-
'Advanced User Inputs'!A68)*LINEST('Advanced User 
Inputs'!D68:D69,'Advanced User 
Inputs'!A68:A69),IF(B5<='Advanced User 
Inputs'!A70,'Advanced User Inputs'!D69+(B5-
'Advanced User Inputs'!A69)*LINEST('Advanced User 
Inputs'!D69:D70,'Advanced User 
Inputs'!A69:A70),'Advanced User Inputs'!D70)))))) 

hr/day 

191 Estimated 
hours of 
labour per 
year for gen 
set in this 
range  

=B190*365.25 hr/yr 
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Appendix 2.16 FIT Rate Calculations 

A B C D 

218  Single Fuel Dual Fuel  

219 Fit Value 
7500 hours 

=IF(B10>1000,'Advanced User 
Inputs'!B60,IF(B10>500,'Advance
d User 
Inputs'!B59,IF(B10>250,'Advance
d User Inputs'!B58,IF('Executive 
Calculations 
'!B29="yes",IF(B10>100,'Advanc
ed User Inputs'!B57,'Advanced 
User Inputs'!B56),'Advanced User 
Inputs'!B58)))) 

=IF(C10>1000,'Advanced User 
Inputs'!B60,IF(C10>500,'Advanced 
User 
Inputs'!B59,IF(C10>250,'Advanced 
User Inputs'!B58,IF('Executive 
Calculations 
'!B29="yes",IF(C10>100,'Advanced 
User Inputs'!B57,'Advanced User 
Inputs'!B56),'Advanced User 
Inputs'!B58)))) 

$/kWh 

220 FIT Value 
7500 hours 
with 
community 
adder if 
available 

=(IF('Executive Calculations 
'!B30="yes",'Advanced User 
Inputs'!B61,0)+B219)*'Executive 
Calculations '!B44/100 

=(IF('Executive Calculations 
'!B30="yes",'Advanced User 
Inputs'!B61,0)+C219)*'Executive 
Calculations '!B44/100 

$/kWh 

222 Fit Value 
peak hours 

=IF(B21>1000,'Advanced User 
Inputs'!B60,IF(B21>500,'Advance
d User 
Inputs'!B59,IF(B21>250,'Advance
d User Inputs'!B58,IF('Executive 
Calculations 
'!B29="yes",IF(B21>100,'Advanc
ed User Inputs'!B57,'Advanced 
User Inputs'!B56),'Advanced User 
Inputs'!B58)))) 

=IF(C21>1000,'Advanced User 
Inputs'!B60,IF(C21>500,'Advanced 
User 
Inputs'!B59,IF(C21>250,'Advanced 
User Inputs'!B58,IF('Executive 
Calculations 
'!B29="yes",IF(C21>100,'Advanced 
User Inputs'!B57,'Advanced User 
Inputs'!B56),'Advanced User 
Inputs'!B58)))) 

$/kWh 

223 FIT Value 
peak hours 
with 
community 
adder if 
available 

=(IF('Executive Calculations 
'!B30="yes",'Advanced User 
Inputs'!B61,0)+B222)*'Executive 
Calculations '!B44/100 

=(IF('Executive Calculations 
'!B30="yes",'Advanced User 
Inputs'!B61,0)+C222)*'Executive 
Calculations '!B44/100 

$/kWh 

225 Average FIT 
Value peak 
hours  

=B223*((2080*'Advanced User 
Inputs'!$B7/100)*(1+'Advanced 
User Inputs'!$B62)+920*(1-
'Advanced User 
Inputs'!$B63))/(2080*'Advanced 
User Inputs'!$B7/100+920) 

=C223*((2080*'Advanced User 
Inputs'!$B7/100)*(1+'Advanced User 
Inputs'!$B62)+920*(1-'Advanced 
User Inputs'!$B63))/(2080*'Advanced 
User Inputs'!$B7/100+920) 

$/kWh 
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Appendix 3 Real Options 

Appendix 3.1. Brownian motion 

According to Dixit and Pindyck (1994), Brownian motion is a continuous-time stochastic process 
with the following three properties: 
 

1) The probability distribution for all future values of the Markov process depends only on 
its current value and is unaffected by past values of the process or any other current 

information.  If z(t) is a Brownian process, then  ∆z=et√p$  where et is a normally 
distributed random variable with a mean of zero and a standard deviation of 1; 

2) The probability distribution for the change in the process over any time interval is 
independent of any other time interval (et is serially uncorrelated, ε(etes)=0 for t≠s.); and 

3) Changes in the process over intervals of time are normally distributed with a variance 
that increases linearly with the time interval.  

 
Appendix 3.2. Ito’s Lemma 
 
Ito’s lemma is used to find the differential of a function following a stochastic process.   For 
example, the value of the anaerobic digester is assumed to follow a geometric Brownian motion 
with drift µ and diffusion σ as given by equation (1)  
 

(1)   dV(t)/V(t)= µdt+ σ dz(t).  
 

The strategic value of the of the AD investment, F, is a function of V and time (t).  Assuming F 
(V,t) is a twice differential function, it can be expanded in a Taylor series in V and t resulting in 
 

(2’) dF=
/0
/� #1 � /0

/ #$ � �
+  /20

/� (dV)2+  
�
q

/r0
/� (dV)3…. 

 
Equation (1) can be substituted into (2’) for dV.   To find (dV)2, set a=(, 
 -�1, b=%1 and 

because dz is a Brownian motion dz = √#$,   
 

(3’)  (dV)2= a2dt2+2abdt3/2+b2dt. 
 

Since dt2 and dt3/2 are assumed zero  
 

(4’)   (dV)2 = b2dt 
 

(dV)3 and all dV’s to a power higher then 3 only contain dtn , they are assumed to be all equal to 
zero, since n>1.  In the limit, dt tends to 0, so that the dt2 and dt dz terms disappear but the dz2 
term tends to dt.  Plugging (1) for dV and (4’) for (dV)2 into (2’) gives   
 

(5’)  dF=
/0
/� �, 
 -�1#$ � %1#& � /0

/ #$ � /20
/�  32�2� 

+  

 

If the option to invest can happen at any time, F is independent of t so that 
 /0
/ #$ is equal to zero 

so that (5’) can be simplified to  
 

(6’) or (3)  dF=./0
/� �, 
 -�1 � /20

/� � 32�2
+ �4 #$ � %1#& 
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The change in the strategic value of the investment also follows a stochastic drift-diffusion 
process. 
 
Appendix 3.3. Bellman Equation 
 

The Bellman equation is a necessary condition for optimality to a dynamic optimization 
problem.  For example, consider an infinite time horizon dynamic optimization problem can be 
summarized as    

 

(7’) 6�	�� � s(	tuv ∑ �
��x∞ <� 7yz�	 , { �| 

where F is the optimal value of the net returns in each period (t) found by choosing the control 
variable { in each time period depending on the state variable given by x (i.e. AD adoption).  
The opportunity cost rate is given by -. Dixit and Pindyck (1994) explain that the Bellman 
equation is based from the Bellman’s principal of optimality which states that “(a)n optimal policy 
has the property that, whatever the initial action, the remaining choices constitute an optimal 
policy with respect to the subproblem starting at the state that results from the initial actions” Pg 
100.  Using this principal, the Bellman equation expresses the value of a decision problem at a 
certain point in time in terms of the payoff from some initial choices and the value of the 
remaining decision problem that results from those initial choices. This breaks a dynamic 
optimization problem into simpler subproblems.  The Bellman equation associated with the 
optimization problem in (7’) is  
 

(8’) 6�	�� � s(	tuvtz�	�, {�� � �
��x 7y6�	 , { �|v 

 
If each time period is ∆t long and ∆t goes to zero and is continuous, then equation (8’) becomes 
 

(9’) 6�	�� � s(	tuvtz�	�, {��∆$ � �
��x∆ 7y6�	 , { �|v 

 
Multiplying both sides by (1+ 5 ∆t) and rearranging results in  
 

(10’) 56�	�� � s(	tuvtz�	�, {�� � �
� 7y#6�	 , { �|v 

 
Since Stokes et al. (2008) assume that no profit is made before the investment z�	�, {�� � 0, 
the Bellman equation results in  
 

(11’) or (4)  #$56 �  7y#6| 
 

Appendix 3.4. Natural Measure 

A natural measure is the probability that element i is populated, normalized such 
that ∑ �� ��� � 1��<� .  

 

 

 


